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Presents results of study to detez_Lne the degree to which the

Lunar Orbiter. (in its present or in a modified form) is cal_ble

of SUl_orting other scientific experiments. The study shows that

other experiments can be acca_odated by minor hardware changes

because of the o_ez'atlomal flexibility available in the present

design.
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PURPOSE

This document, I_-i00369-I, is the first of two volumes of the

final written report ca "A Research S_ of the Lunar Orbiter

Spacecraft Regarding Its Adaptability to Other Scientific

Investigations", performed under Contract NAS 1-4959, dated

April 28, 1965. The second volume, _-100369-2, provides back-

ground description of the Lunar Orbiter appropriate to the

adaptability study.

SCOPE

The study examined the adaptability of four distinct conflgurati@a_s

to ten designated scientific experiments. The four configurations,

referred to herein as Cases I, If, III and IV and the ten experi-

ments were specified in the contract Statement of Work L-5S82.

The configuration cases are described in Table 1.2-1 for

convenience.

Case I Allowable weight,

Case II Allowable

TABLE 1.2-i

CONFIGURATION CASES

- Complete present Photo Subsystem.

920 pounds. "

- High Fesolutlon Photo Capability removed.

wei@hC, 860 pounds.

- Medium Resolution Phot_ Capability removed.

t

weight, 860 pounds.

Case III &llo_Bble

:'_,,
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1.2

2.0

2.1

(Continued)

CaseIV - Photo Capability totally removed. Allowable

weight, 860 pounds.

All Cases: Existing micrometeorold and radiation dosimeters

removed. Shroud configuration for Block I to be

retained.

Launchvehicle for Block I to be used.

The ten scientific experiments are described in Appendices A

and B herewith, which are reproductions from the contract

Statement of Work. It will be noted that the experiments may

be classified as follows:

Gea=_Radiation

Infrared

BiStatic Radar

_otometry/Colorlme try

X-Ray Fluorescence

Radiometer

Micrometeoroid

Solar Plasma

Magnetic Field

Selenodesy

SU_@_Y

METHODOLOGY

The experiment description data as provided by the Statement

of Work was supplemented by a literature search wherever necessary

REV LTR
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for purposes of configuration definition and subsystem modiflca-

%ion stifles. _e results of the search are summarized in

Appendix C. It is to be noted that wherever a discrepancy

between the Statemen_ of Work and the literature search existed,

the study uses the _ata supplied by the Statement of Work since

the literature search was limited to state-of-the-art equipment.

The general system and subsystem operational flexibility and

• r

constraints were rerlewe_ and a range of feasible modifications,

varying in complexity and Drovi_.t_ a wide ram_ of capability

of sUpp_tln6 combinations of scientific experiments, was

identi fled.

The _eneral parametric study referred to above was used to

establish ground rules for integration of scientific expe.riment

groupings into the four configuration cases. The experiment

operational requirements, and the photo subsystem modifications

as specified by the Statement of Work w_re used to define mission

parameters and operational sequences.

System configuration layouts were generated for several experiment

groupings in order to illustrate the capability of mechan_cal

inte6ration and to provide baseline data for subsystem studies.

Subsystems studies relating to two specific configurations and

mission profiles and sequences were pmrfo_ned in order to extend

the parametric data to specific cases and to provide a realist_ic

REV LTR
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(Continued)

identification of subsystem modification requiremmnts involving

experlmmnt groups.

CONCLUSIONS

Each of the four Lunar Orbiter spacecraft configuration cases

stipulated in the Statement of Work can accommodate combinations

of scientific experiments. Regardless of the configuration

chosen, changes to the vehicle and its subsystems will be £1mited

to adaptations and rearrangements m_de necessary by the require-

ments of the experiment instrumentation. The performance of the

spacecraft w_ll be retained in all important respects.

Optimization of the spacecraft/experlments should be ac<:ompii_ed

thro_h the design of appropriate instrumentation and by utillz_-_-

tion of the ope1_tional flexibility of the vehicle. The capabil£ty

of the Lunar Orbiter to select from a wlde range of orbit gee-

metrics, is of slgnific_t importance. Extended life in orbit

and the ability, under certain conditions, to made orbit_l .:h_n_:_

may be of equal or greater value in certain missions.

The pl_umlng for space and for surface missions and for combin:_

tlons of both must recognize that the spacecraft is a sFace-

stabilized vehicle which relies on celestial reference and solar

power. It is, therefore, space-orlented during the major portion

oC each orbit. Surface-related experiments c_u be acco_uodated,

however, by orienting the spacecraft to the lunar surface for :_

REV LTR
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2.2 (Continued)

portion of each orbit in

photographic subsystem.

the manner employed for the present

Extended surface area coverage can

be achieved by repetition of the experiment on several orbital

passes. Space-experiments may be performed continuously, if

desired.

Mounting of additional sensors may introduce a requirement

for a general rear_t of cc_ponents, includi_, the photo-

graphic subsystem, on the equipment mounting deck in-order %o

preserve ;spacecraft balance.

Power requirements of the experlments can be met without sub-

system modification° This can be accomplished by a mission

profile design providing an appropriate time balance between

operation on solar and battery power.

Connm_ication subsystem and data storage requirements associated

with additional experiments can be accommodated up tO a rate

of i00,000 bite/second_ in intermittent experiment operation, by

an addition of a tape_recorder. The acctmmlated data store_

will be transmitted in a compressed time period over the present

video link on a time share basis, with video data, if necessary.

Attitude control subsystem requirements associated with experi-

ment mounting and experiment orientation requirements can be

met with minimal modifications. Increased reaction control

nitrogen gas requirements, associated with increased number of

REV LTR
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2.2 (Continued)

spacecraft orientation maneuvers, can be met by an addition of

manifolded nitrogen tanks. The problems of increased moment_

of inertia, associated with increased spacecraft weight and/or

boom deployment, can be resolved either by increasing nitrogen

tank capacity and thruster size or by reducing spacecraft

maneuver rates. The latter would involve a minor modification

of the closed loop electronics only.

Additional control functions, associated with experiment control

can be met by modification of the progranm_r output matrix and

provision of additional switching functions.

Photographic subsystem modifications, involving deletions of

either the high resolution or medium resolution portion of the

subsystem, offer limited advantage in terms of volume s_d weight

available for experiments. The volume accrued is neither requi_ed

nor recommended for use in experiment accommodation. The deletion

of the high resolution portion of the subsystem appears to be

attractive on the grounds of weight increment made available t°_z

alternate experiments and increased area coverage capability

(fourfold). The deletion of the medium resolution portion o_

the subsystem does not appear to be justified from elthe_" thc

weight or area coverage increment made available.

The additional experiment payload capability provided by confi_ur -

ation definitions of Cases I through IV would be 70, B8, I_, nnd

REV LTR
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(Continued)

159 pounds respectively. This capability can be increased by

careful mission profile design, involving propellant off-loadlng,

up to 25 or 30 pounds without a significant effect on experiment

performance capability. The total payload capability for Cases I

th,o ugh IV would thereby be increased to up to I00, 68, _B and

189 pounds respectively.

A growth potential in excess of the above exists without _maJor

spacecraft modification by taking advantage of the modular con-

struction of the space,raft and availability of space qualified

propellant tanks. This potential, resulting in an increase of

payload capability up to k00 pounds and/or increase in mission

range capability, can be realized contingent on upgrading the

earth boost system to a level predicted for the SLV-3X system.

In sunmmry, it is concluded that the Lunar Orbiter has a sign Lfi-

cant potential as a vehicle for scientific investigation of the

lunar surface and lunar environment in a largely unmodified

version. A potential for an additional capability increment exists

and may be exploited in planetary as well as lunar exploration.
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3.1.1

PARAMETRIC FL!XIBILITY STUDIES

This section outlines the general system fl_x_bil._ty an4 non-

stralnts, and dis_uJses the range of subsystem modifications in

relation to their comp]exi_y, perf'o,u_ance enhancement and ndapt.-

ab_B.ity to scientific experiments.

In p_rtlcular; the orbital meehsricG of trnnshmar transit and

lunar orbits, the geometry of providing area coverage under

proper i]luminstlon and altitude condittonz, are revlewe.6 _n

order tc establt:_h a base!In_ for. correlation of subsystem(s)

and ex_erlment(s) operational requirements and aonstrslnt:-'.

The available flex_bl]Ity of _ndlvi_ua] subsystems is then d_-

cussed in the above context.

ORBITAL KEQUIR_dENTS IMPOSED BY EXPERIMENTS

An experlmer_t generally defines _.e_'ts_n orbita] requlremer, tz .it:

terms of"

_. _elenodetic location of the _xperlment_] area;

b. Di_ns_ons of the area of coverage;

c. Solar illumlnst._on requirements;

d. Alt_tude range at w_ch the experiment should be performed.

The effects of these requirements _n mission profile design _-:_

the resulting subsystem requirements are dlscussed in the follow-

ing subsections.

Location of Area of Interest

The location of the llne of nodes, or the intersection of the

lunar approach plane w_th any constant l_tltl_de plane other than

REV LTR
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3.] .3 (Contlnued)

the equatorial plane, t._ primarily determined by the approach

energy, time of launch and the incllnatton of the lunar approach

hyperbola. The energy5 _t _rrival In conjun_tlon w_,fh tline o£

launch determine the d_rectlon from which the vehicle approaches

the moon. Typical v_rlatlon of the longitude of the approach

direct_o_ as e function of translt time is shown in Figure

3.1 ....!. be latitude of the approach may vary betw_.en the

approximate llm_ ts of +!,gn.

The perilune of the approach hyperbola Is, to s first apprnx!_e-

t/on, at a constant central an61e from the approach direction,

for a given approach ener_, _nr] the inclination of the -ppr_h

hyperbola can be arbltrarl!y controlled either at launch or at

the time of mddeourse >orrect_on w_th a minor delta-velocity

exl_oditure. As o result of the above the approach geometry is

aS shown for an mrbltrary ease in Figure 3.1.1.2, where the locus

of the possible approach hyperbola perilune positions i_ obtained

by a ro%mtion of the Elvan hyperbola about the approa_.h direction.

Since the m_nimum delta-velocity expenditure for Injection _ntc_

]un, r orbit occurs at the pe.r_lune of the _pproaeh hype.rbola

where the velocity increment r-,qu!rements 8re a shown in Figur_

3.1.1.3, the opt_n_Im _ss_c,n profile from the viewl_olnt of

delta-velocity mlnim_zatlon wo_Id p_ nee the e]]_ptlca] orbit

perilune at the locus of the approach hype_rbols per_lunes and

cnplsnar wltb the approach h__rbo]s. Thi_ comblnatton !s nor

gene rally posslble.
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3.1.] (Continued)

This definition of £he miszlon prof!les w_ild, however, result

in the followeng general features, with re_peet to target 8tess

other than targets of oFp,,rtunlty.

The perilune of the. e]lipt_ cal orbit would not generelly

coincide with the e×pe.lment t_rget l_t_tude ._nd, t_ere_ere;

the e_meriment w_u_A ._.eperformed at a h__._h_r altitude

t__n desirable. Thir _,_ iTlustreted In planar proje_tTen

in ._IEure B.I.!.!_.

The time nf arrCv_l st *he target woul_ be completely pre-

_e_e_-nine_ by the ap_.rrx_cb ::_e_,vetrya,]_ the 1.oeatlrn o_

hhe expe_4men%a_ torKet. The arrlvml _Ime wnuld _c_l:>w

_he _e_.sti_on:

n.
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Additlon_! d_!tm-.-elo_ity relntlv_ - t_ _L_zre _.l.t.3 e_-pen_!-

ture_. _re _equ_re_ t_ a-hie,-e s elAxib_]_ty of location _f

perilune at a latitude corresponding to the experimental target

area latitude. Typical additional velocity increment require-

ments associated with this rotation of perilune (llne of apsldes

rotation) are shown in Figure 3.1.1.6 with the orbital period

as a parameter.

If positive control over the arrival time at the target is

desired, in addition to the capability of controlling the lati-

tude of lunar orbit perilune, it becomes necessary to provide

the capability for an orbit plane change at injection. 'I_Is

mode of operation, is illustrated in Figures 3.1.1.7 and 3.1. L.8.

Delta-veloclty requirements for injection into the final orbit

are shown in Figure 3.1.i.9 and 3.1.1.10 for launches in June

and December of 1966 for a range of target longitudes of +60 C

and target latitudes of +10 °. This data is included for illu.--

trative purposes only and is directly applicable only when a

photographic mission in the near equatorial Apollo mission bend

of interest is concerned. The latter is particularly ti_e since

the launch dates include consideration of the photographic sub-

system constraint of solar illumination st perilune of 60 ° and,

therefore, includes the delta-velocity requirement associated

with this constraint. Indirectly, the data of Figures 3.1.1.9

and 3.1.1.10 illustrates the trend in velocity expenditures In-

curred by providing increased operational flexibility relative
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3.1.1 (Contlnued)

to Figure 3.1.i.3 and the penalty associated with the introduc-

tion of the solar illumination constraint to the conditions of

the experiment. This constraint is not limited to the photo-

graphy experiment. It applies to any experiment which must be

related to sun angle, such as infrared, X-Ray fluorescence or

photometry/colorimetry experiments.

It is also to be noted that the effectiveness of oontrolling

the ti_e of arrival at the target area, measured as the time

IncremerZ gained per degree of plane change, decreases a_a

func_on of orbital inclination for a fixed latitude target. "A%_

waiting time prior to arrival at a fixed target will therefore, -x

generally exist for high inclination orbits. This time can be

usefully exployed to perform experiments in other areas of the

lunar surface and does not necessarily represent idle time.

Generally, when an illumination constraint exists, an expendi-

ture of an additional delta-velocity increment of 150-200 meter_

per second must be provided in order to insure a reasonable ]a-,_nch

period (number of days per month when launches are possible)

for all targets.

A further penalty maybe incurred if it is desired to minimJze

the probability of impacting the lunar surface because o_ out _.[

tolerance subsystem performance during midcourse. This would require

an initial high altitude aimpoint on initial approach, with a

corresponding decrease in injection efficiency, and a requirement
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3.1.1

3.1.2

(Co.tlnued)

for an orbit transfer velocity increment as sho_ by the data

of Figures 3.l.l. ll, 3.1.1.12, 3.1.i.13 and 3.1.i.i_ for final

orbit perilunes of 50, i00, 150 and 200 km respectively.

Solar Illumination Requirement

Surface oriented experiments, such as, photometry/colorimet_j,

photography, radiometry, infrared mapping, etc., will be designed

to operate withit% a specifiecl ramg_ of Solar illumination of the

surface. For any single experiment to be performed near the

perilune_ this implies a cunstraint on the number of _ays Per

month during which the spacecraft can be launched. This con-

straint becomes more restrictive as the spacecraft capability

to control the time of arrival at a specific target area is cur-

tailed. In the limiting case, where no capability for rotatlon of

the line of nodes after arrival at the moon is provided, the launch

period is controllable only by variation in transit time which

results in a limited llne of nodes shift (Figure 3.1.1.1). If

a fixed illumination angle requirement and a fixed transit ti_e

are assumed , in addition to the assumption of no controllabi/i t>-

of the poslt_on of the line of nodes after spacecraft arrival

at the _x)on, then the launch period is limited to s single time

instant per month. _ne capability of shifting the line c f nodes of

the lunar orbit after arrival at the moon (Waiting time :uatroi)

can be exchanged on a one to one basis for an extension of the

launch period (ntunber of possible latunch days per month) for these

experiments.

REV LTR

U3 4_N_B-2000 REV, '1/65

•P4raF'/'A_'_INo
$H.

De-100369- i

23



ILl

U.

Z
<

I--

l--

m0

"
0 v

<
II

Z
N

--,,I

0
u

U3 4288 2000 RE'V. 3/64

8
eq

I

m

I b

8 o

"D]S/S_B1]W -- _AV

o

o
('9

f4

o
e,l

o

O

8

I

<
L-

,-4

4

.%

REV SYM
_P'J_41_'_ J NO. /_-I00369-i

I_AGL" 2h.



i

...J
Z
0

-t

w
I-

Z
Lu

i-

w
el

I..-

0

0

/

8

I

REV LTR

U3 4288-2000 REV. 1/65 ISH. 25



>-
J

Z

0

..J

I---

Z
u./ •

n
>.

_-.

0

p

\

Z

,,, |

0
Q

,Y UI

< -
Z _ ,,4

0

ii .

\

L ,, ! I

,,_| i, , ii,,, L i

_4

0

0 _

_ < _

o

Q

............................... _1

REV LTR

U3 4288-2000 REV. 1/65

h'8'E'JNd/_' I '_°"
I

' SI-I.

n2-1OO,_9-:L

26



)-
/

Z

O

.J

LU

I-

=E

Z
iii

I--

rY

Lu

)-

0
h

:r
<

u.

Z
<

I-,.

0

<
Z

..1

0

i

Q
0
N

i i ii w i

Vl

>_

c, _ o

r.-I

0 _'1 '
o B

I.-.4

(

i

,/
r

/ r._$

;I!
' !u:{!

• ,,,r,i ,: N:

REV LTR

U3 4288-2000 REV. 1/65

4t'_'_'/A_l_ I _°"
i
'SH. _'

E_-I00369-I

_T



3.1.2 (Contlnued)

Experiments grouped together which have different solar illunl-

ination requirements introduce additional mission and experiment

conduct constraints since the lunar orbit is to a first approxl-

mation inertially fixed. With an inertially fixed orbit, the solar-

illumination at a given point in orbit remains fixed, and the._-e-

fore, the experiments requiring di'_Terent illuminations must be

performed at different altitudes depending on _le eccentricity

of the lunar orbit and the difference in their illumination

requirements. Additionally, for orbits w_th an inc]inatlon other

than equatorial the latitude coverage of experLments requiring

different solar illuminations will generally be different; which

would make the correlation of data from a single flight dlfficul_

for such experiments. This effect is illustrated in Figure 3.i.2.9

for an arbitrarily inclined orbit w_th Brbitrary solar ]ll_mln_-

tlon differences for two experiments. An exception to the above

illustration would exist if" the _Jssion were specifically desighe, '

to achieve coverage of the same latitude by two experlmer,_,'_ with

different solar illumination requirements. This possible _-,odeoF

operation is show_ in F_gure 3.1.2.1. It is to be noted with

reference to the figure that if the illumination require_:er_ts _._

the two hypothetical experi_:mnts do not differ greatly the orbi t._[

inclination would approach target latlt1_le. As _ result the

width of latitude coverage achievable would decrease to that

,u)verage achievable by s single cross-range scan capability of

the experiment, iks the differential of illtLmin_tlon incre_'_es,
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3.1.2

3.1.3

(Contlnued)

a progressively higher differential between the orbit inclination

end target latitude is allowable. In the upper limit, at a 180 °

solar illumination differential, the inclination of the orbZt

can be as high as 900 in the mode of operation illustrated in

Figure 3.1.2.1.

In this case contiguous area coverage can be achieved by the

experiment(s), taking advantage of the rotation of the moon with

respect to the orbit, provided that the single crossrange scan

capability of the experiment(s) is equal to or greater than the

distance a point on the lunar surface moved, within a direction

normal to the orbit plane, during a single orbits1 pass. 'l'nis

subject is covered in greater detail in Section 3.1.4.

Altitude of Measurement

The altitude requirements of an experiment, in conjunction with

the central angle over which the experiment is to be performed,

introduce a constraint on orbit eccentricity. This constraint

is expressed by the following relation:

_ (R1 - _ cos_)
a =

@
2R1 - _ (l* oosg)

@

R1 - _ cos

which fixes both the orbit period and orbit eccentricity for

given:
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3.1.3 (Continued)

R1 = Lower limit on experimental altitude (assumed to

define perilune, radius _)

R2 = Upper limit on experimental altitude (assumed to

@

define the radius _ at a central angle _ from

perilune. )

= %oon _ Hmln.

: Rmoon 4 H .max

@ = Central angle over which the experiment is to be

performed.

The above relation is illustrated in Figure 3.1.3.O.

The preceeding relation can be applied, in a modified form, to

orbit design where two separate experiments separated by a given

central angle are to be performed. This may be the case, for

example, when the central angle spacing between two experiments

is due to a required solar illumination angle differential requ_r'e-

ment. The relationship shown in the preceeding discus_ion

applies with the modi]ication that the terms R! and _ shou/d b_

interpreted as the mean radii at which the two exl_eriments are

8

to be performed and _ represents the central angle spacing between

the two experiments. In the above usage of the altitude con-

straints of the experiments no degree of freedom exists for con-

trolling the range of altitudes over which each of the indivldra_

experiments will vary if RI, _ and _ are given.
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3.1.3

3.1.4

(Continued)

The above process can, of course, be carried out in reverse

g

(i.e., with a, e, _ and R1 given, then P_ is ccmrpletely defined)

if the experiment of" radius R1 is given priority and other system

constraints dictate the orbital parameters. The latter will

generally hold if more than two experiments separated in central

angle from each other are involved.

Area Coverage and Contiguity

The area coverage capability of an orbiting experiment is depend-

ent on the transverse scan capability of the experiment, length of

operation of the experiment during a single orbital pass, orbit

period and target location.

If the experiment requires contiguous area coverage then its

transverse scan capability must be consistent with the displece-

ment of a given point on the lunar surface during a single, o_"

multiple, lunar orbit. This is illustrated in Figure 3.1.4.0_

which establishes the equivalents between the rotation of the

surface relative to the orbit and orbit rotation relative no

the surface, and shows the relation to the transverse scan

requirement.

Data relating crossrange or transverse displacement betweeu

successive passes to orbital inclination _ith target lat5 tude

as a parameter are shown in Figures 3.1.4.i and 3.1.4.2 fr,r
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3.1.4

3.2

3.2.]

(Contlnued)

orbital periods of 3 hours and 4 hours respectively. This data

can be extrapolated linearly to any other orbital periods and

provides basic orbital information for the design of experiment

scan systems where coverage contiguity is of interest.

The length of operation of the experimentation of a single orbital

pass will be, in addition to constraints resulting from space-

craft subsystem operational requirements to be discussed in sub-

section 3.2.0, dependent on solar illumination band constraints

and altitude constraints discussed in the previous subsections.

The altitude constraint is self-evident on the basis of the

discussion of subsection 3.1.3. The constraint introduced by a

requirement for performing the experiment between given limits

of solar illumination is inclination dependent with respert to

limitation of the arc length over which the experiment _s to I,_

performed. _lis effect is illustrated in Figtu-e 3.1.4.3.

SUBSYSTEM TRADE PARAMETERS

This section _utlines the genet'al L1mar Orbiter subsystem flex-

ibility trad= parameters, growth potential _Id the ._onstraints

generated by these considerations relative to orbital paramete:u;

and experiment planning.

Velocit_r Contro..i Subsystem (VCS)

The nominal Block I Lunar Orbiter velocity control subsystem

capability, in terms of available delta velocity increment, as
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3.2.1 (Continued )

a function of spacecraft weight is shown in Figure 3.2.1.0 by

reference to the nominal specific impulse curve of 276 seconds.

The above impulsive velocity increment budget does not include

the requirements for error corrections and finite burn time.

The error correction budget and the velocity increment available

for injection into lunar orbit are as shown below:

VELOCI_X CONTROL BUDGET

Item 3 6 Value

i. Midcourse Corrections 75 m/sac.

2. Injection Correction 50 m/sac.

3. Isp Decrease to 270 see. 20 m/sac t

4. _4S Total _2 m/sec.

5. Finite Burn 2 2 m/sac.

6. Total Preinjection Budget 117 m/see.

7. Lunar Orbit Injection and Transfer _6] m/sec_.

8. Total available 980 m/sac.

The allocation of 863 m/see, for lunar orbit injection constitute :

a sufficient provision for injection into a circular low altitude

lunar orbit as can be seen by reference to Figure 3.1.1.3- This

capability is based on the simplifying assu_rgtion that no experi-

ment constraints; such as solar illumination, target pos_tlon,

etc., need to be considered and that operational launch con-

straints don't introduce additional velocity requirements. A
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3.2.1 (Continued)

more realistic assessment, including the above factors, will be

shown subsequently relative to consideration of elliptical orbits.

If the spacecraft weight is increased to 920 ibs., as indit'ated

in Case 1 of the L-5382 Statement of Work, then the above budget-

ing does not allow for injection into circular orbits at altitudes

of less than approximately 700 Fan altitudes as shown in Figtu-e

3.1.1.3. In this case the velocity subsystem, assuming no modi-

fication, introduces a constraint of using elliptical orbits if

a low experi.-_nt altitude is desired.

An increase in velocity control subsystem performance, if desired,

is available by the modifications described In succeeding para-

graphs.

Spacecraft on-board propulsive cap_bility _s a function of the

rocket engine's specific impulse and the amount of useable pro-

pellant available. The velocity increment capability of a space-

craft is defined by:

W i + Wp
V : gl

sp W
i

w_e re

Isp

W.
"1

Wp

: specific impulse, seconds

= spacecraft inert weight (including unuse_,ble

propellant ), ibs.

= useable propellant, ibs.
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3.1.2 (Continued)

Thus the spacecraft performance may be improved by increasing

specific impulse, increasing the amount of useable propellant,

and/or reducing the spacecraft inert weig_ht.

The follo_ringparagral_hS discuss the specific impulse improvement

potentials, and also propulsion system improvements in terms of

useable propellant and spacecraft inert weight.

The MarquardbMA-lOgrocket engine has been designed and developed

for the Apollo program; specifically, for the Service Module and

L_M attitude control systems. The MA-IO9 engine configuration

was tailored to the Apollo program requirements so that it has a

lower delivered specific impulse than other contemporary engines.

The lower performanze results from the fact that a pre-igniter

chamber is included to minimize over-pressure transients at

ignition. The presence of thia "foreign body" in the combustion

chamber, and its film coolant requirements, account for the re-

duced performance. The ignition transient may also be elimine_ed

by sequencing the propellant valves such that there is a fuel Lead

into the engine. This approach is inefficient for engine operated

predominently in short pulses such as it is in the Apollo mission;

hence, the pre-igniter chamber was incorporated.

The Lunar Orbiter mission does not require pulser mode _peretion

of the engine, and it is entirely feasible to utilize the "guelL

lead" configuration and realize a significant increase in _pec_.fic

impulse. This modification would require a qualification test

progr_n.
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3.2.1 (Contlnued)

Engine performance may also be increased but by a lesser amou_It)

by operating at a different m(xture ratio, and/or by increasing

the nozzle expansion ratio. The table below sum_narizes potential

engine perfonnance improvements resulting from configuration and

operating point changes.

le

2.

3.

4.

5.

6.

7.

8.

POTE_fIAL _GINE PERFORMANCE IMPROVEMENT

Specific Impulse, Sec.

Configuration Nominal Minimum

Present Design 276 270

Shift Mixture Ratio to 1.95 278 272

Increase Expansion Ratio to 60:L 280 274

Combine Items 2 and 3 282 276

Fuel-Lead Configurstlon (a] one) 294 2_.<8

Combine Items 5 and 2 2945 290

Combine Ite_ 5 and 3 298 2_z2

Combine Ite_ .b, 2 anl 3 300 295

It must be emphasized that any o_' the above changes would require

an engine requali l'ication program.

Spacecraft perfontmnce may also be improved by decreasing l.he

inert weight and/or increasing the quantity of useable propellsn_L.

The present VCS design pointis such that the capacity of the fuel

tankage is not utilize to maximum capacity. The utilization of

maxim_sn propellant tank capacity is equivalent to operatin_ at _

mixture ratio o[" 1.95. Figure 3.2.1.1 shows the effect of

engine mixtu_'e rstio on spacecraft velocity increment capability.
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3.2.1 (Continued)

Observe _hat ]_ an ini_iai _p_cecrazL weight ,-f _ :_, ..

_if+_n_ *.he "_i._' ,"e ..... _,.,-,m o.F_O +_ _,.Q_ i_ .... ,_,s "r.b,_

1,_,. At even lower mixttu-e ratio:, engine performance will ,'on-

tinue to increase, but _/%e ox!dizer tanks are no longer being

utilized to maxLr_m capa:'ity. _e resulting degradation in

spacecraft performan:'e is ind_ _atad by the dashed lines.

Figure 3.2.1.1 also presents two influence coefficinets: these

values indicate that, in terms of resultant spacecraft perform-

ance, a Im_t reduction of spa:eeraft inert weight is over twice

as effective as a unit increase in either specific Impulse _-r

propellant.

To achieve a si_nificant inrrease in the quantity of use:,ble

propellant requires the installation oI' larger tnnkage. By

combining various Apcl]o-program posit [ve expL_ision tankage

the quantity of useable propellant may be increased to as _,:_L

_,s 600 Ibs. _ese taz_k data, and pert'or._,_nce c_pability i__

tee'ms of specifl]c _mpu]se, use_:ble prer:eZlant, and spacecr_',ff,

initial weight, are presented in }_igure 3.2.].2.

The potential spacecraft pe_'fu_:_s_'e, resulting from a retro-

fit program fo_" the fuel ,,nd o.:_dizer tanks represents a g,r_.'_h

potential contln[_ent on in'teased performance of the transl',m,_r

boost vehicle as can be seen by reference to Figure 3.2.1.0.
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(Continued)

The [ncrease in boo_;t',capubil._ty potential would have to be s,i_i-

ficant enough to absorb i.he Ln reuse in ine:', weight and propellant

and __t the s_Le 5Jme p:'ovl,'leadd.£t_eaa] perFor_-_an_:e.

A case in point is th,: potential increase o£ tr_nslunar weight

'apabJl_t_ tc, [)20 ibs. as spec_ !'ied by the L-5372 Statel:_ent ef

Work _mder Ca_e 1, (Present photographic' ,:ttpabi]i_,y retained).

In th_s case Lhe next in2re_,ent in flight qualified tanks would

resu[ in th,• :;:tditLc,nr.f [._, ibs. of inert weight. An addit!on

of ap!,roxi,_te]y 15 ]bs. of propellant (by reference to Figures

_.2.1._3, 3 ......._ _ b, and 3.2.1.,S) would raise the perfor_nce level

of the veloc ty c_ntrol suasystem to a point equivalent to the

per£or_nance achievable witL ._ spa,'ecraft weight of 860 ibs. wli_h-

out tanka<;e _-etrofi tting. IT:e resulting experimental payload

would be _ec:'eased ;'rom Lhe potential value of 60 ibs. (920-_L5C)

to 37.5 lbs. _ith an addLtional de:_:rease, not accounted for he:'e,

due to increased structure weight.

On the basis of the above exaztples and the trends shown in

Figures 3.2.[.3 through 3.2.1.5 it appears that tankage retro-

fitting would be justified only Jf major performance improven_ent_

in terms oF velocity incren_nt and/or experiment weight csr_jing

capability were desired. For example, a translunar payload

capability o£ J3'_O lbs. (approximately the capability of t)_

At]as/_Iena SLF-3X) ii_ conjunction with the propellant capaci r,y

increase to 600 ibs. and specific impulse o£ 290 secouds cou/d
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3.2.1 (Continued)

result in an increase in available velocity increment to 1680

m/sec, and an additional payload capability of 90 Ibs. for a

total of 250 ]bs. payload. Alte_-nately this capability cot_Id

be converted to carrying a total payload of experiments ot

approximately 400 ibs. with a propellant capacity of 400 ibs.

and the same veJocity subsystem performance _apability as the

present sys tern.

Engine perfo_ance improvement to a specific impulse of 290

seconds minimum would provide velocity increment perfcm;_nce

capability fer the 920 pound spacecraft equivs]ent to that of

the current minimum specific impulse and an 860 lb. spacecraft.

Similarly, the specific impulse improvement _ convertible to

roughly 15 ibs. additional payload for the 860 lb. spacecraft

by lhel off ]oading.

In addition to the growth potential of the velocity control

subsystem, described in the preceeding paragraphs, a significan%

capability for experiment payload exists if intermittent experi-

ment operation is acceptable. As mentioned in subsection 3.1

intermittent experiment operation may be a requirement impose_

by the experiment itself (as is the case of illuminatio_, con-

straints). Additionally, other subsystem _onstraints_ tc he

discussed in subsequent paragraphs, make intermittent ope:-aticn

of experiments highly desirable.
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3.2 .i (Contlnued)

If intermittent experiment o_ation is accepted as the mode of

operation then a circular orbit does not offer any specific

advantages over an elliptical orbit unless multiple experiments

need to be performed from nearly the same alti_de at different

points of a lunar orbit. The latter case can be handled by

assignment of experiment priority, with lower priority experiments

performed at a non-optimal altitude, using elliptical orbits _s

discussed in subsection 3.1.3.

The advantage accrued from the acceptance of elliptical orbits

is evident, to a first approximation, from Figure 3.1.i.3. The

data shown in F_gure 3.1.1.3 indicates, for example, that a

•differential of 295 m/see, in velocity requirements exists be-

tween a circular orbit at 50 _un and an elliptical orbit with _n

al_olune of 3000 l_n, and s perilune of 50 km, _t which a given

experiment could be performed. This velocity increment differ-

ential is convertible into a potential propellant off loading

of 72 ibs. The propellant weight decrease is, in turn c<_nverti--

ble on a one to one basis to an additional experimental payload

capacity of 72 Ibs.

The above superficially available capacity has to be decreased

because a budget of up to 200 m/sec, h_s to be allowed f._r the

control of position of the perilune of the elliptical orbit,

orbit adjustment and provision of an adequate lsLa_ch period _ +_

constraints such as solar illumination cf the surfa,e ;_,
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3.2.1 (Continued)

perilune are included. _he above consideration reduces the

propellant off-loading capability, convertible to experimental

payload capability, to 21 lbs. for the 860 pound spacecraft.

The capability for conver_ing propellant weight into useful

experimental payloads will range between the limits of 72 ibs.

to 21 ibs., for the above change from the circcksr orbit concept

to ellipti,:al orbJ t concept and will largely depend on_i--_ ...._:_

ment operational constraints. Definitive data relating to the

conversion of propellant capacity into experimental payload,

can be generated on].y when experimental constraints and corres-

ponding mission parameters are defined. This type of data is

shown in Section 4.0. The approximate operational limits of

the velocity control subsystem with respect to orbit parameters

are shown in Fi_,re 3.2.1.6 for the cases of the previously dis-

cussed nominal fuel budget and an adjusted budget including an

allowance for operational constraints of 200 m/sec, respectively.

A choice of feasible orbits, using the ground rules of the figure.

can be translated into potential payload capability by either

interpolation in Figures 3.2.1.3, 3.2.1.4 and 3.2.1.5, or the

relation

W = 264 - WO (I - e A_ )
glsp

where

W

W
o

= Potential payload increment

= Initial spacecraft weight
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3.2.1 (Cont!nued)

V : Veioc_ty increment required (Figure 3.2.1.6)

g -_ 9. 8 m/see. 2

I _ Specif'ic impulse
sp

It is to be noted that Figure 3.2.1.6 is based on an assumed

final orbit perilune altitude of 50 km.

On the but8 of the preceding analysis it is concluded that a

significant experimental payload capability can be secured with

proper mission design and no velocity subsystem modlficat_ons.

A growth potcnt_:_l exists by upgrading engine performance and/or

increasing tank_:[e capacity (contingent on booster upgrading)

to achieve _re_.ly increased l_yload capability. The above

capabilities in_]ude the potential for injection into circular

orbits at low ,"_.:_].tude which _qy be ut.i].ized in missions re,t,

requlrin,: h_Fh e_!e 't,'_cal power oon._'_unpti.on(see Section _,2.!_)

and sufficient power ,'_pability for a_tLve thermal contr(:t
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3.2.2 ATTITdDE CON_OL SUBSYSTEM

Possible attitude control subsystem modifications which must

be considered in relation to the scientific experiments fall

into the following four categories:

I. Provide capability for continuous orientation of the

spacecraft to local vertical in order to perform ground

oriented experiments continuously or over long arcs of

an orbit.

2. Provide capability for spin stabilization in order to

provide vectorial velocity resolution with fewer sensor

elements in the experiment.

3" Frovlo.e _(IC/lT, l_)n_.t _L_I_U_I_ _ll_uver" C_p_Ulll_y for

experiment orientmtlon and stahllization.

4. Prov£_e spacecraft stahillzatlon with long boom confi_uratlons.

The above modifications, with the possible exception of providing

additional attitude control Kas capability and resolving the

problems associated with Doom configurations have to be examined

with respect to overall system design and performance characteristics

as well as their compatibility with respect to configurations in-

volvlng multiple experiments with differing operational requirements.

The following paragraphs outline the possible modifications and

their impact on system and subsystems performance and experimezlt

compatibility.
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3.2.2 .i Local Vertical Over L1mlted Arc

The capability of precessing to local vertical can be provided to

an approximation over a limited range angle for elliptical orbits

or a continuous orbital pass for circular orbits, by an addition

of a precision current generator to the closed loop electronics

of the flight electronics control assembly. This would provide

precession torquing to a preselected g_rro, causing the gyro to

precess at a fixed rate and the spacecraft to stabilize at the

same rate. The wiring provisions for this mode of operation exist

at test points in the programmer. An addition of switching capability

would be required, in addition to the power supply, if the capability

of precessing in either one of the three spacecraft axes is to be

provided. Since this precess mode would provide a capability of

only one axis at a time it would be necessary to initially maneuver

the spacecraft so that the axis around which precession is to take

place is normal to the orbital plane. For example, if the roll

axis of the spacecraft is chosen as the precession axis, which

would be applicable in the case of a polar orbit, the operation

mode geometry for a circular orbit would be as shown in Figure

3.2.2.1. Consumption of cold gas for this mode of operation should

not differ greatly from cold gas requirements for a normal camera

_neuver.
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3.2.2.2 Local Vertical for Complete Orbit

It should be noted, by reference to Figure 3.2.2.1, that the

provision for a continuous precession of the experiment axis

to local vertical during the entire lunar orbit results in the

following :

i. _l_e Canopus sensor reference axis rotates with respect

to inertial space and therefore, inertial reference in

this axis would be lost unless extensive gimballing,

which would probably require boom mounting, is provided.

2. The solar reference axes would be lost under all conditions,

except when the solar ray incidence is normal to the orbit

plane, unless multiple switchable sensors or boom mounted

gimballed sensors are provided. This is due mainly to

the approximately one degree/day precession of the sun

with respect to the orbit (Earth's revolution around the

Sun) and secondarily due to orbit precession in inertia]

space.

3. The loss of inertial reference would imply a requirement

for feedback by lunar reference sensing, such as a horizon _canner,:

which would require a sensor development in addition to attitude

control subsystem modifications. _nis would be particularly

true for missions of longer duration because of gyro reference

drift and generally true for elliptic orbits because of the

requirement of torquing at a variable rate due to a varyir_g

rate of spacecraft revolution relative to the lunar center

of gravity.
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3.2.2.2 (continued)

4. Solar panel power output would decrease from its maximum

value, at the time of normal solar ray incidence relative

to the orbit plane, to approximately P cos (.O17 T) where

T is the experiment termination time in days, and P maxlmuB

power output, unless panel gimballing is provided. For

example_ without gimballing, at the end of a 30 day

mappin_ mission with the spacecraft continuoual_ operating

in the roll precess mode the power output would decrease to

less than 75% of the maximum output due to geometry of tile

pro_ie_alone. Compensation for this effect would requlre

either an increased panel area, if the mission is of relatively

short duration like 30 days, or a complex panel gimballing

arrangement if the mission would be of long duration.

_e _he semi-omni antenna coverage n'.,lls would periodically be

directed toward the Earth, in the course of the continuous

precession, with the exception of the time when the Earth-Moon

line is normal or near normal to the orbit plane (perhaps 10-12

days/month). Telemetry data transmission, and perhaps command

transa_ilsion, would be blocked due to this effect intermittently

unless gimballing were to be provided to compensate for the

limited coverage under these conditions.
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3.2.2.2 (continued)

6. The directional high gain antenna would require an

additional g_mbal axis for reasons identical to these

outlined in the case of the se_i-omni. _he requlre_ents

for gimballing precision in this case would be more

stringent since high directlvity is required.

A similar situation exists in the case of continuous precession

to local vertical relative to the pitch axis. This would be

applicable, for example; in the case of an equatorial orbit as

illustrated in Figure 3.2.2.2.. In this case, roaming the slmpi1_--Ving

assumption that the lunar equatorial plane is coincident with the \_

ecliptic plane, no problems relative to the communication subsystem

exist. However; the problem with inertial reference and power output

of the solar panels is aggravated. In particular, the solar power

out-put varies cyclically, over a single orbital pass, between the

maximum and zero even disregarding spacecraft occultation by the

moon. Panel gimballing would appear to be the only possible

solution to the power output problem in this mode of operation.

_nertial reference would have to be replaced by a horizon scanner

for reasons identical to those discussed previously.

Orbits with inclination other than polar or equa_orialwould

present a combination of the problem extremes discussed in

these cases.
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3.2.2.3 S_in Stabilization

The case of spin stabilization of the spacecraft presents

essentlal/,7 the same problema as those discussed in connection

with torqulng to local vertical as well as several additional

problems. _e additional problems are as follows:

i. No stable reference for the communication, attitude

control and surface directed experiments would exist.

2. Solar panel power output would degrade unless the spin

stabilization axis is coincident with sun-moon line.

3. Attitude control subsystem maneuver gas budget prior to

velocity maneuvers and pre-experiment maneuvers, if necessary,

would have to be increased due to increased spacecraft stiffness.

4. Surface related experiments, such as photography or any other

range sensitive experiments and/or experiments requiring smear

cumpensation, are not compatlble with a spinning spacecraft.

5. Mechanical and structural problems would be associated with

spin rates sufficient to stabilize the spacecraft.

A possible minimum modification approach which would partially

resolve the above problems would be to take advantage of the

available spacecraft capability of slewing, by command, at a rate

of 0.5°/sec. in any one of the spacecraft axes. _his capability,

if used intermittently, could probably provide vector resolution

capability with fewer sensors and also provide the capability for

scanning the surface in those ground related experiments which
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3.2.2.3 (continued)

do not require precision and do not have scanning

capability. Continuous slewing should be avoided on

the grounds discussed in the preceeding paragraphs. An

evaluation of this mode of operation is given in the follovlng

subsection.

In order to accommodate some experiments, it may be desirable

at ecme time duming the extended mission to rotate the vehicle

at a constant rate of + 5°/sac. A l_uel consumption rate was cal-

culated for this condition using the present vehicle inertias

and was found to be .109 or .116 lbs./day depending upon which

parts of the sun sensor are in use for a nonspinning vehicle.

_lis compares to a nonspinning value of .012 pounds per day for

the present inertia vehicle, bus the vehicle could be spun up

for several days, but not for extensive periods of time without

depleting the N2 gas supply.

A spinning body is stable only when it is spinning about a

principal axis of maximuR inertia. If it is spinning about an

axis of non-maxlmum inertia, the momentum will transfer to othez-

axes until it is spinning about its axis of maximum inertia. In

the Lunar Orbiter the vehicle vould be spun up about the sun line-

of-sight or the X-axls. _ILis is the axis of minimum inertia and

in addition it is not a principal axis. T_us the vehicle is

unstable and will try to transfer momentum to its axis of maximum

inertia. If Euler's equations are solved under the constraint of

a constant .5O/sec. roll rate, the same result is obtained analytica!l:
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3.2.2.3 (continued)

i.e., the pitch and yaw rates show exponential increase.

Although the vehicle is unstable under the above conditions, the

reaction jets have more than enough torque to control the vehicle.

Therefore, the control system will have to expend fuel to nullify

these inertial coupling torques. These torques are a major factor

in extended mission fuel budget and are easily evaluated from

Euler's equations. For the pitch and yaw axes they are:

Tg = ipo2 Ixzl

T . ipo2 Ixyl

Where po = roll rate in radlans/sec.

Ixy, Ixz = inertia products in slug - ft. 2

Evaluating: po 2 = .25°2/s 2 = 7.62 x 10-5 rad2/s 2

Ixy = 1.22

Ixz = _-.34

TO = 178 x i0 "6 ft. lb. For the standard LO

config%Irmtion, see
T,,, = 93 x i0"6 ft. lb. Weight Report of
7 May i, 1965

The roll torque is harder to evaluate, but it can be done under

several assumptions. If the pitch and yaw torques pin the space-

craft to one switching llne, it will operate about that sw_tcnln6

llne in a one-pulse limit cycle, be pitch and yaw rates can _ne_

be approximated by:

q, r = (.oo25)slnC t°Is

REV LTR

US 428@-2000 REV. I/@S

J'47E#W,a I "o. _ - Zoo369 - l



Il .... T"

I

-I
Z
0

--I

I-

Z
uJ

I-
F-

ul

IX

0
ii

W

3.2.2.3 (continued)

Be roll torque from Euler's equation is then represented by:

T£ = -pq or pr (Ixy - Ixz) sin wt

or

T_ = -1.27 sin wt ft. -lb.
|

grpresslng T _ as a mean value, T_ = .81_ ft.-lb.

For a ccwplete characterization of torques eeen by the vehicle,

solar pressure torques and _ravit7 gradient torques must be

added to the torques derived above. Solar pressure torque is

invariant under a rotation about the sun line. Unfortunately

the gravity gradient torque is a function of vehicle roll angle.

In order to calculate the gravity gradient torque, a computer

program that included the effect of a constantly varying roll

rate was written. Be average value of the torque is dependent

on the initial conditions_ but will vary about the value calculated

for the single set of initial conditions. The calculated avel_ge

torques are :

T $ = 1.6 ft.-lb.

T_ = 3.2 ft.-lb.

The solar pressure torques are:

T_ = .23 ft.-lb.

T_ = I.> f_. -lb.

T_ = 5.9 ft.-lb.
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3.2.2.3 (continued)

. .oo lb./day

_he _ _ and _ _ for the coast mode is .13O/second.

results in a fuel usage rate of:

WFRA c = .011 1b/day

_]_Li s

_he total fuel usage rates are:

WI_TC = .116 lb./day, coast mode

WFTE = .109 lb./day, extended mission mode

On the basis of the above analysis it is concluded that:

I. _e vehicle can be rotated at a .5°/sec. rate_ but this

increases the fuel consumption rate by a factor of i0,

2. _ of_the large increase in fuel usage rate, the

vehicle cannot be spun up for ex_ended periods of time

without exhausting the nitrogen supply.

3.2.2.4 Control Gas Increase

Attitude control gas bu_etlng is a function of detailed mission

plannlrq_ Includ/ng consideration of maneuver and gtabillzatlon

requirements. Sample mission plans will be discussed, in connection

with specific configurations, in Section _.0. General preliminary

design trade data is su_marlzed in the following paragraphs where

the performance numbers are strictly applicable to the current

spacecraft configuration. The trade factors are sum_srlzed by

the relations shown below, as related to Figure 3.2.2. 3 and typical
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(continued)

maneuver expenditures are tabulated for the basic L. O.

configuration.

1. Maneuver

Wfuel maneuver

Cloee Deadband

= tl __C- x _t_rust (for empty vehicle)

...... _sp

= .006 lb. per degree per second x

= .007 lb. per degree per second x

= .O14 lb. per degree per second x

A@

•70 .68 .58 .o17

Maneuver 1.32 or 1.36 1.56 .008 or/.Ol or /.022

Reverse Maneuver 1.32 or 1.36 1.56 .008 or/.Ol or/.022

Open Deadband 0 0 0 0 0 0

Typical maneuvers are:

(a) Close Deadband end Roll .O39 lb.
Reverse Roll .022 lb.

Roll ¢otaz .o61 1_.

(b) Close Deadband and Pitch (or Yaw)

Reverse Pitch (or Yaw)
Pitch Total

(c) Close

(d) Close

Deadband and Roll and Pitch

Reverse Pitch and Roll

2-Axis Maneuver Total

•027
.01

.037

.049

.032
,T'oS1

N2 roll
maneuv(

_be

lb.

lb./pitch
maneuver

lb.

lb.

lb.

Deadband and Roll and Pitch and Yaw .057 lb.
Reverse Yaw and Pitch and Roll .O40 lb.

S-Axis Maneuver Total .097 lb.

(continued)
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3.2.2.4 (continued)

(e) Close Deadband and Pitch

Succeseive Pitch Maneuvers

Re-acqulre Sun (i.I° )

•027 lb.
.O081b.

.OOylb.

.O42 lb.

2. Coast

During coast periods the N2 propellant requirements are

the sum of limit cycle, disturbance, and reacqulsition

of celestial source propellants. For Block I, N2 use

rates are :

+ .2° Limit Cycle Coast

Reacquisition + .2°

Disturbance .i_ lb. N2

27 days

.o7 ib/_-y

.022 Ib/_y

.O97 ib/aay

+ 2.0 ° Limit Cycle

Reacqui sition
Disturbance

•0074 ib/day

.o2_5 lb/day

lb/_y

Extended Mission Coest

4.o2 Ib/335 days lb/dsy

Since the above data does not include contingency allowances

for changed m_ment of inertia, cross coupling and flexibility

of long booms a conservative budget, including a factor of 2

safety margin, should be used in preliminary estimates. Tais

is stmmmrized in the followlng tabulation:

Roll maneuver

Pitch or Yaw maneuver
Roll and Pitch

Roll, Pitch and Yaw

Holding ! 2 Limit Cycle

•12 ibs. of N2
.03 Ibs. of N2

•16 ibs. of N2

•20 ibs. of N2

.20 ibs. of N2

be extended life nitrogen gas capability of 4.02 ibs. (335 days)

can be exchanged for maneuver capability at a rate of decrease

of extended life of 84._ days/lb. If added nitrogen gas tankage
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3._.2.4 (continued)

is required then tankage weight can be estimated at 1.6

times the added gas requirements.

3.2-3 POWER SUBSYS_

Be current design power subsystem performance capability

is summarized for night and day operation in Figures 3.2.3.1

and 3.2.3.2 respective_v. _he performance data of Figure

3.2.3.2 relates to the capability of solar power at the end

of the 30 day mission. Since this data includes a _egradation

factor, which Is a function of flight time, the supplementary

Figure 3.2.3.3 has to be used to establish day time performance

at any time prior to the 30th day.

_he availability of power for performing experiments during the

time when the spacecraft is occulted by the moon (nighttime) is

subject to the constraint that the reliability of the battery

subsystem is adversely affected by continual excessive depth

of discharge. As far as possible, the recommended depth of

discharge should not exceed 40_ in lunar orbit.

Under the 40% battery depths of discharge constraint and for

the fixed subsystem load of I00 watts, excluding the photographic

experiment, it can be seen from Figure 3.2.3.1 that the maximum

time in the dark cannot exceed i.i hours for the 12 ampere hour

battery of the Block I Lunar Orbiter. Additional experiment

power requirements could be accommodated by this battery subsystem
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3.2.3 (continued )

by either holding the capacity discharge to llO watt hours

(reducing the orbit dark tame) or by increasing the risk

factor (accepting higher depth of discharge).

_he reduction of orbit dark time can be achieved by an increase

in orbital inclination and/or variation of illumination at

initial perilune. Sample orbital data relating the above

factors to the fraction of time the spacecraft remains under

so_z il_,m4,_tlon is g_ve_ in YlSures 3.2.3._ 1_xro_h 3.2,3.8

which include a variation of orbital apolunc: period and latitude

of perilune. _e data shown in the Figures _ndlcates a preference

for high illumination angles at perilune, from the viewpoint of

the power subsystem. Since the illumination at perilune is

generally a requirement of a surface experiment it cannot be

used as a parameter for controlling the fraction of orbit time

the spacecraft is under solar illumination. Control of the fraction

of orbit time in the dark can, however, be achieved by controiii:M_

orbital inclination. _is mode of control ( i.e. increased orbital

inclination) introduces a demand on the experiment field of view

or transverse scanning capability, if _on_inuous _overe_e of

large areas is desired (see Figure 3.1.h.1 and 3._.£.2).
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3.2.3 (continued)

The effectiveness of controlling "night" time by inclination

variation can be shown by cross-referencing Figures 3.2.3.4

and 3.2.3.1 for two assumed inclinations of, say, 20° and 35°

and a given 60° illumination at perilune. The corresponding

light fractions from Figure 3.2.3.4 are .77 and .85 yielding

•875 hrs. and .55 hrs. of night time respectively for the given

period of 3.71 hours. The available power for experiments

corresponding to these cases is, by reference to Figure 3.2.3.i

40% discharge curve, 26 watts and I00 watts respectively.

The alternative to the above would be to provide additional

battery capacity which would involve cevelopmen_ ana quali_icatlon

testing as well as additional spacecraft inert weight. _he

capability of a 20 amp. hour battery, involving an inert weight

penalty of approximately 20 ibs., is shown in Figure 3.2.3.1.

This modification does not provide a significantly greater capability

than that attainable with moderate increases in orbital inclins.tion

inasmuch as nighttime operation of experiments is conce_ed.

However, increased battery capacity is of significant importance

relative to the capability of spacecraft to approach low

altitude circular lunar orbits. _nis arises due to the constraint

that battery charge rates should be held below 1/4 of the battery

capacity to prevent cell pressure build-up and degradation.
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3.2.3 (continued)

The above constraint can be summarized in terms of the

relation of the light to dark ratio of the orbit to night

time load for a given maximum Charge rate constraint. This

is sunmarized in Figure 3.2.3.9 with the charge rate as a

parameter. Minimum battery capacity for a given light to

dark ratio and a given nighttime load can be obtained fr_m

the figure using the relation:

Min. Capacity = 4 x Min. Charge Rate

For example, a near zero altitude circular orbit would have a

light to dark ratio of approxlmately one. A_suming a rdghttlme

load of 150 watts the mln. requirea charge rate would be 9 s_s.

and the corre_punclng battery capacity would have to be 3_ amps.

hrs.

Conversely, given a 2.7 amp. charge rate, corresponding to a 12

amp. hr. battery , and near zero altitude circular orbit, the

maximum nighttime power load would have to be limited to _<_ wst_._.

On the basis of the above observations with respect to Figure

3.2.3.9 and the consideration that power output dumlt_ nighttime"

will generally run in excess of 140 watts, when experimet_t,

thermal control and data recording requirements are included,

it is self-evldent that with the existing batte_j subsyste_

a minimum light to dark ratio of approximately 3.2/1 would have

to be achieved by proper orbit design. Capability for su_ini_+:g

the above power load in a low altitude circular orbit could be
L

+J
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3.2.3 (continued)

achieved by retrofitting the spacecraft with four parallel

12 amp. hr. batteries, at a cost of an additional 90 lbs. of

battery weight, or an approximately h5 amp. hr. battery at a

somewhat lesser cost in inert weight but involving development.

The possibility of a drastic reduction in power load is quest]o:1-

able since a fixed load of 1OO watts exists d_Lring the dark time

regardless of experiment requirements. The daylight power loads

would also become adversely affected by a decrease of the light

to dark ratio. For the l:l light to dark ratio, a require/nent

would exist for an approximately 12 ampere charge rate which

could not be supported with the current output of the so.bar

panels, as can be seen by reference to Figures 3.2.3.2 and

3.2.3.3, when the other power rcquirements _re taken into

cons_ deratlon.

In order to support the above c_mrge rate in conjunction with

the video transmission mode, in those configuratlors including

the photographic subsystem, an Increase in panel area an_ we_s_t

to roughly 97 ft 2 and IOO lbs. respectively would be required.

In the absence of the phoLographic s,D?syste_ the above _re_ cs_,

be reduced approximately to 85 ft2 and 87 ibs. if a requ_remenu

for the high gain ccmmmnications subs_'ste_-_ ,-,xizts _'_udtu 7( ft'

and 79 ibm. if no requirement for the high gain communication

subsystem exists.
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3.2.3 (contlnued)

Furthermore, due to the decrease in power output resulting

from a rise in solar temperature at the time when their backs

are exposed to surface reflected radiation (Figure 3.2.3.1) an

impairment of capability of transmitting video data, in the

configurations including the photographic experiment, would

occur in the case of low altitude circular orbits. _Is would

effectivel_ limit the transmission capability to half a frame/orbit

and result in transmission times of up to 33 days, c_mpared to the

current 9.5 days, for the total possible number of photographlc

frames.

On the basis of the above considerations it appears that low

circular orbits are not advisable from the power subsystem

point of view.

_e preceeding conclusion reinforces the conclusion reached in

conjunction with consideration of the trades available relative

to velocity control subsystem in section 3.2.1 that in the

interest of minimization of system modifications and maximization

of experimental payload capability lunar orbits of high eccentricity

are preferable.

Power subsystem output will be reduced durin_ "daytime" operation

due to the mlsalignment of the normal to solar panel plane with the

solar illumination axis in the course of alignment of the spacecraft

to the attitude appropriate to the experiment. Ass_umln_ that
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3.2.3 (continued)

spacecraft realignment into the plane of the orbit and to

local vertical is required by the experiment, the solar

power output decrease can be estimated as being proportional

to the coslne of the mlsalignment angle. _he misallgnment

angle as a function of orbital inclination and with the

lllumlnatlon at the aubspacecraft point on the lunar surface

is shown in Figure 3.2.3.10 for a sample case of the spaeecr_ft

at the equator, be same relation holds _ith respect to heat

input to the equipment mounting deck.

The foregoing discussion does not take into account ecllpses.

Data on lunar eclipses in the 1965-1970 time period are £n

Table 3.2.3-i. Additional storage battel7 capacity or other

means of storing heat energy may be required if high probability

of operation through the eclipses is an experimental requirement.
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TABLE 3.2.3-1

UmA_ ECL_SES 1965 - 1970

Duration

Date _pe

Dec. 8, 1965

May 4, 1966

Oct. 29, 1966

Penumbral

Penumbral

Penumbral

April 24, 1967 Total

Oct. 18, 1967 Total

April 13, 1968 Total

Oct. 6, 1968 To_al

April 2, 1969 Penumbral

(Estimated)

August 27, 1969 Penumbral

(Estimated )

February 21, Partial

1970

August 17, Partial

1970

Time from

_tering Penumbra

to Exiting
L ,,

•_me from

_tering Umbra

to Exiting

Total

Eclipse __me

4 hr 4.8 rain

4 hr i0. I rain

h hr 38.2 min

5 h_- 16.3 rain

6 hr i0.7 mln

Not Available

Not Available

Not Available

0

0

0

3 hr 23.5 rain

(3 _r 3_mln)

3 _r 39 _ min

(3 hr 20 rain)

(5 nr _i rain)

(3 hr 2_ min)

0

3

i hr 15.5 mir

(1 bn" 22 m_.u)

I hr ,),-"mir.

t_o m_--")

,)

Not Available 0

Not Available (%_ rain) 0

Not Available (2 hr J: rain) C

Reference: "Astronomical Phenomena 196[_, i._o6, b_,7"

"Canon of Eclipses" 1887 (for data in parentheses/

REV LTR

U3 4288-2000 REV. !/_

_s_ 90 ...............



i
J

J

i

-I

Z
0

..I

.<

tv

I--

.<

Z
IH

I--
I--

r,

I,-

l-Y

0

W

3.2._

3.2.5

PROGaAM_R

The spacecraft pro&rsmwr capacity Is _ufficlent to accommodate adal-

tlonal control functlonj with s perhalm increased f_equency of cczmand

re_8_Ing requirements. The modification to _he progrumer cannot

be determlnea until after a detailed analysis of the umeber and t_pe

of f_uetionl to be controlled. In general terms it can be stated only

that, wAth the possible exception oi' the ease when the pMc_rap_e

8ublysten il deleted, additional output switchlng and an associated

output i_rix e_tifica_on would be required. In any case wlri_ "'

ac_lifica%toas vail be required.

C_CATION8

The Block I Lunar Orbiter C_nicatlon system ie designed _o operate

in three 1_ulatlon model (See Volume lI, D2-I00369-2)

_ae 1 - P_ rangiag a_/or te1_tr_

2 - Video and te_e_etr_

3 - _e:e_etr_

Each of these _o_es co_priie different Input signals, 4ata rate_,

_andwiathI_ and c_tlzzt antenna end power configurations.

_e 1 : _n_ _a/or _e_e,,etr_

Telemetry _ata rate

Telemetry au_carrier frequency

PN Ranging data rate

Ranging _u_carrier

Tranmmitted bandvldth

Output power and antenna

- 50 bps

- 30 Kc

5oo_

- No_e, PN code directly
modulated on carrier

- 3-1/3 Mc

- _O0 mw and u_ul-antenna
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Mode 2 : Video and telemetry

Telemetry data rate - 50 b_

TeleRetry subearrier frequency - 3o Zc

Video bandwidth - 230 Kc

Video subcarrler frequency - 310 Kc (vestigal sidebsuad

Transaltted bandwiath - 3-1/3 Mc

Output power - I0 watt, (Twr,)

Antenna - 23.5 db _hlgh Sat-,

The wide bandwidth of the video sisal requires the use of the_A

(traveling wave tube e_plifier) and high gain antenna for this .K_e. _

Although the data rate of the rangiN syste_ 18 even larger (_00 Kc

230 Kc), the effective band_rldth of the ranging signal is only a few

cycles as correlation detection is used at the D6IF.

Mode 3 : Telemetry only

Telemetry data rate

Telemetry 8ubcarrier frequency

Output power

Antenna

- 50 bpa

- 30 Ec

- 0nnl low gain

Mode 3 is intended for the traumalasion of narrow bandwidth, io_ power,

low gain antenna telemetry data. A separate 30 Kc subcarrler oscillatoz

(for redu_y)is use4 for Mode 2 and for Mo4es i or 3.

Several uK_liflcatio-=, providing a wide range of transmission capa-

bility, can be considered under the grc_i rules of mAnlnaua modificatlo_ BQ
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( Conti_e4 )

These _tAtations, _ in o_ler of lncreamt_ capability are

tab_ated belov In terns of transmuter and antenna e_ablnations:

i000 I0 Watt

3000 O. 5 Watt

?_30,000 iO Watt

J ,I,L m J-r I, ,

High Gala

The _beys_el aoditAeatAons associated vAth the above tabulation are

di_m_ualn _ae fUlAcvAn_ lwragral_e.

2he e_hlnatA_n _f 10 mtt _tter and high gain antenna does not

requl_ • direct _dAfieatl_ of the oomunieatio_ subey_e_, under

the a___ _hst _o si_l ec_tioat_ i= required. The only

aodAfication would consl|t of a provision for energizing either the

video readout or the tape recorder storage readout of the other ex-

periments. Video and other experimental data _tld be transmitted

on a time share basis with intermediate tape recorder storage prov£ded

to the other ex_eriemtae. The capabllit7 of traui_ttin8 up to 3000

bps, usIag the e_blnatlon of half watt transmitter and high gain

antenna, _d require a _odification of the _ultiplexer encoder in

order to ccmblne the tranmatssion of el_ecraft performance data and

experimental data. _klltlonally, the telemetry subcarrler and baud

pus filter would have to be changed from the present 30 kc frequency

to 20 kc. This change is required to prevent interference with the

video data. A provision for selecting the high gain antenna in

combination vith the low power traneaitter _ have to be provided

if the high data rate capabilities necessary for either video or X-ray
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3.2.5 (ContainS)

_ _snlllsston on _he sane mission were to be preserved. Svitchtn6

bike %o the current norzml modes 1 _ 2 would also be necessary in

this osJJe •

The capability to transit up to 1000 bl_ using the c_ablnation of

low _ antenna and the hlgh power trmmattter v_Ald require a m_dt-

fteatton of the anlttplezer encoder, a mK_tificatlon of the subcarrier

oscillator (30 kc to 20 kc) and a pz_rAslon for selecting the above

comblmation of %ream_tter and antenna.

It is to be noted that In either of the two latter ce_e8 the preserva-

tion of high data rate capability would be contingent on the capability

to switch back to normal mode 1 and 2 operation on a time share basis

with these nodes. This does not appear to have any advanta6e over the

high data rate 8ysteu_ utilizing the high gain antenna and high power

tranm_Itter add should be considered only if the total _ata rate_ _e

sufficiently low. For tho_e experiment configurations where total dabs

rates are lower than I000 b1_ it may be edvantagec_8 to elimi_a,t,_ the

high _ain antenna and lov po_r tr_n_t_er a_d utilize the _i_ht

(approximately 15 i_8.) f_ edKltlomal payload. Similarly, the

elimination of the TWTA a_1 the low gain antenna (approximately 12 ibs.

payload gain) may be Justifle_ if the total data rates can be held

below 3000 bI_. In either of the above cases no swltchiu6 provisions

would _e required.

On the _a41s of the experiment data rates, provided by L-53_2 Statement

of WOTM and the pro_ecte_ payload capability of the Lunar Orbiter it
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(Contlmed)

alTears unlikely that the total data rates could be held below 3000 bps.

This Is self-evldent in the cases I - Ill (Photo System retained),

where video tran_sslon c&pability has to be preserved, and will be-

cane _bsequently apparent for Case IV (no Photo System) since this

eonflg_ration is capable of supporting the whole experiment co_ement

with a total data rate requ_nt of al_roximately 60,000 bps.

In view of the shove observatlo_s is al_ars desira_le to preserve the

current Sl_eeeratt co--cations subsystem in an unchanged form,

except for the In_-Asloa of _nput swltch_ to the video system, and

to I_ storage capabilAty for the experiment compleRent which vould

be sufficient for:

i. F_rlment data storage duri_ the time experiments are e_tivated.

2. Experiment data stor_e during sun and/or earth occultation of the

sl_ceers_ by the noon.

Dsta transmission, utilizing the high gain antenna and i0 watt tr_us-

altter, would be inltlsted on a time share basis with the video, when-

ever video transmission is required, at a time when the limit of storage

Cal_city 18 approX. _,n_asion _ould take ]).lace at the maximum

rate, eo_lsteul; with tape reec_er readout capability, in order to

minimize trammlssion tiae.

S_ace qualified tape recorders _etin_ the requirements of experiment

groupings supportable by Lunar Orbiter are available on the market and

their s_ecifiestions will be discussed in connection with specific

configurations in Section _.0.
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3.2-6 PIIOTOGI_KIC $I__

The extent of l_Otx_raI_e subsystem modifications associated with the

four Ca_es aJ specified by the L-538_ Statement of Work, is dlscussed

in the following paragral_s.

Case I, requiring the preservation of the total photo subsystem capa-

bility, does not require a_y modification evaluation.

Case II requiring the removal of the high resolution portion of the

photographic subsygtem, involves several modifications and results in

wight and power lgflngi lUl Sh_ in the table below, in ter_s of

Individual items deleted.

L ,Jm

i.

2e

e

Ite_ Weight Power

_" lens 13.32# -- "

2_" Lens Window Assembly

(W_na_ heater)

7olaing mirror

2g" Platten and Actuator Assembly 1.70_ --

5. 24" Shutter /m_embly 1.70# --

6. Light Baffling (2h" le_ only)

7. 2g" Window ._8_ --

@ v/w Sensor

Mechanis_ 5.51h# 10.5 Watts (wheu

on)

Electronics 3-9 

_._# i_. Watts

* Complete removal of the V/H Sensor is contingent on increas_n_

the 3" lens aperture, incrensing shutter speed a_ acce_tlng a

resolt_i_a degradation.
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• • I: •

(continued)

The iw_Gentio3, voltae swriDgO accrued "oy the above deletions are shown

:In _-.e_ 3.2,6,1 '_o_h 3.2.6.5.

/

Becsaise of +"r,_ complexity_ frcm "the viewpoint of :ecba_cs.l.,. "-,.w_rmal

and subsym_ems t of in_ting interchangeable experimental _-kaKe$

within the Pressure envelope of the photo_al_hic sube_tem the utiliza-

tionof this volm_ for experiments is not rec_enaod.

The _ttf_e_on re_ Concurrently with the re_ovol or the item

_bulated above and the _apaet of these modifications on photographic

The f_Im _eteria6 roller encoder should be modified to advance 2.874"

of film rather than 11.732" in order to fully utilize the film capacity.

Thls modification will result in a capability of 793 frsmes of moderate

resolution photographs. This capebility would result in the potential

of _apl_ng an area of _5° x 360" with stereo coverage to a n_alnal

resolution of 32 _eters.

The film rollers adjacent to ",,he 24" pl_tten should be removed to insu_

proper _ transport.

Cs_II_ changes will _e required to provide an Im_e Motion Cumpensa-

tion (IMC) drive signal by ccmund from the progrm_er unless shutter

speed is increased and s somewhat lower resolution (9-18 meters) is

accepted. An A/D converter, within the envelope of the present V/H i

_echanlsm will have to be provided in this case. The weight statement

in this case would result in a aecreased saving of five pounds.
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Spaoe, Available

I) 2_" Lens ASS_

6"

p--

Volume = 258 cublo inches

includes light baffle

2) ]L,'old._g Mirror

/

J_

7 II

Volum - I0 oublo inoh,,

_) 2h"Wlndo.

"- .375"

Volume ,, 1.1 cubio inches

REV LTR

U3 4288-2000 REV, 1/65

.___mO_!_40_J_'_°_'......
• "SH.

3.2.6 .i

D2-i00369-I

98



i

t

i
i

)-
J

z
o
.J

LU
F-

Z
Lu

tw

D.

tv
o
u.

_) Enclosed )_ght path

/
/

/

I
1
I
I

J
-1

ZZ" \ 6._"

\

Volwae - h05 oubio inohee

includes 2_" shutter aeaembl_,

light path ba/Flin_
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_ v_ =i., ,?

Velum - 2_6.8 ¢ubio _J_ehea

El.eot, ror_cs

---- _ .: iJj5.e5_/

/

13'" ' _ - 7

, i J, i 1

|l u

Volwne -1_ cubio _nchos

Tot4l volume Cane II - 1220 oubio :l.uohee

Mote, An_lar shape aa_ all_ increaseof this volu_e
by 25_.
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3.2.6

resolution is enceptahle, u may be the case with hlg_ altitude (200 km

m_pping type mlulons yieldimg _0 me%er resolution. The modification,

in thl8 same, wuul_ be to take a_van_ of the full eeq_ili%y of the

3" le,',a (1'_.8) instead of stopI_ it down to its present mode of 1"5.6.

This nodll'lcst:l.on vou._ sllov the shutter speed to be Imereased to

I/i00, i/_0 ana I/_0osee_8 thereby limlting smear to 18 meters a%

Case III, requiring the removal of the low resolution lens, results in

minor weight savings of 2.90 ibs. consisting of 2.6 Ibs. of lens an_

platten aerator and ,030 ibs. of window. Nov power budget decrease

is a_hieved.

The modlflest£o_ e_soclateA with this deletion involve a reattach_ent

of the shutter exposure setti_w_ mechanism (presently attached to 3"

cuera)_ xal_ of the 3" window and modification of the file, metering

mechanism would result in the film metering roller encoder advancln_

8.936" of film rather than ii.732". This would provide fUll

of the fllm capability and result in an increase of capacity from 19_

fz_mes of high resolution photos to _55 frees.

The volume saving associated wlth this modification is showu in Figure

3.2.6.6 and Its uu_e for other experiments is not rec_mended on the

same grounds as dlscusse4 in Case II.
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Case I3:I Low Resolution Camera Removal

Volumo - 3_9 o_ic inches
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3.2.7

In general, %hls modification does not appear to be Justifiable when

the relation between weight an_ po_r ss_ing achieved an_ the c_plexit_

of mo_ifieatlon is co_Id2r_i. The only possible Justification would

be a critical meed for a 25_ increase of high resolution area cuver_e

capability, which would be achieved at the expense of multiple stereo

capability. It should be noted that the multiple stereo capability may

with a_klitlon of filters, be utilized in colorimetry experiments.

Case 1_, z_qu_l_ the removal of the pbotx_&l_ic sulm_mt_m,

In the followl_ weight, volume and power savings :

¥O1.m - 5.9 Z%.3 '

Power

remult8

149 Ibs.

80.1 watts durin6 dayli@ht operation

15 watts during nighttime, operation

Flight progr_r functions used for control of the photo subsystem

would be available for control of other experiments.

m_VAL OF BIOCK I EXPERIMEBTS
%

The deletion of the Block I mlcrometeu_ detectors and radiation

sensors results in weight s_vln8 as shown below:

MICROM_ROID DETECTS, WIRING ARD STRUC_

I. Detectors: 20 at .156# each GFE MD-I 3.20;i_

2. Wlri_ .60_

Sll3355 Mr 7oi _u Mr 720 (20 wires)

#2_ at .00023_/In. mS_"

SH 3891 SP 891%hru SP 895 (25 wires)

_ at .ooo_9/_n. 338"
Splices YSV-II_ at .00269

2 Clamps at .01

.573

.Oll

.02
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3.2.7

3. st_uetu_

1-o6-5zAO 29-_Z06_9 Cllp (Z2) .O8
-OZlFIZZer (2) .O1

25-5130_-901 Fast .05

25-51_
19-_o'r3 ]_kt (12) .3_
19-_1o7_-o01 (14) .o'r

_o_ (8) .o_
_3 (2) .o_

25-518BOA.61e,Cap 1.65
15-51631-9OOFur .10

TOTAL

RADIATION I_CTIO, COMPOREMTB, WIRING AND STI_JClX;RE

I. TwO Scintillation Counters MT726, 727

iO-72003-2a 3

2. Logic Box A725 10-72003-4

3. WL_i_

sB 3755#z4, #zz, #_ _re
Plug P755
4 Splices PSM 18 - P1 at .00073

e

.m_#

.ZTZ#

._8

Structure

Pe_e=tals for Seint. Cir. .23 + .24 .47#

25-51785-5,
Installation HBR for 2 Ctr. and Logic .10#

TOTAL

A power savi_ of 16 watts is accrued by these deletion.

2.40#

1.37#

1.19#

.57#
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4.1.0

This sectlo_ deals with a limited sample of spacecraft-experiment

configurations and mission profiles under ground rules derived fr_

the Iarsmetric consi_erations of the precedi_ section 3.0 and with

consideratlos of-experi_emt ccR_atlbllity.

The objective of the following specific case analysis is, in addition

to illustration of the aPl_Icability of the analysis of the previous

.... see_, to provide a more deta_ed analy_s of interrelation between

¼

exlmrAmnts,mis,to sl cecrart bsyst a requirements. e,e

relationships cannot be fully evaluated without establishing a bmse-

llne e_Igttratio_, ',,,4ssion profile and event sequence as will become

al_nt in "the _ubsequent subsections.

GR0_ RULES FOR MECHANICAL LAYOUT AND MISSIONS

Ground rules for mechanical layout and mission operational conduct

were established on the basis of minimum s_ececraft modification az_t

l_loa_ maximization ayproach. The minimum spacecraft modification

approach wa_ primarily dictated by the constraints of the L-5382

Statement of Work relative to total spacecraft weight (860 ibs.-920 ibs.I

!
which precludes major modifications. Secondarily, the _i_ modiflca_

tlon approach appears to be attractive from the viewpoint of schedule

and cost effectiveness. The general ground rules, corresponding to

this approach, and their _ustification are enumerated below:

i@ Elliptical lunar orbits, long translunar transit times (90 hrs.)

and limited le_nch periods (3 days/month) will be used in the

interest of _ro_e_ant weight conservation. Off-loade_ pro_elia_t

weight will be used for additional experiment payload.
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4.1.0

2. Surface oriented experiments will be rigidly mounted within the

spacecraft with their sensor axes parallel to the camera axis.

This assumption was made for l_rposes of the study only and does

not represent an aetual limitation of mechanical layout except for

the ob_ous field of view obstructions of the tank deck, equipnent

mounti_ deck, and the solar panels.

3. Surface directed experiment orientation into the orbital plan a_l

to local vertlaal will be accomplished, if necuoary, by spacecraft

maneuv_s in a manner analo6ouB to the photographic m&_,,ver. An

excel_iOn may arise if contlmain6 experiments _st be performe_
\

\over a long leith of arc in which ease the Implementation of a

capehility for continuous torqut_ to local vertical (over limited

arc leith) will be considered in the interest of performance ira-

iEovement and attitude control gas conservation.

1_. Lunar enviro_ent expertmente _ be mamt.,_ rigidly to the apace-

er_ a_d will be operated eo_tlmousl_, sub Jeer to power limita-

tiona and interruptions for data transmissions, at the attitude

appropriate to the s_aceeraft operati_ Bo_es. (Sun-Canopus

reference duri_ cA_alse and local vertical during surface ex_rt-

ment operation. )

5. The useable volume inside of the photographic subsystem ma_e avail-

able by deletions speclfie_ under Cases II and IYI of the Statement

of Work will not be utilized in order to avoid redesign of the

pack_ _Ath each experiment modification and interchange.

\
\.
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6. Data storage for the scientific experiment will be provided with

sufficient capacity to utilize effectively the high data rate of

the video transmission system_ on an intermittent time share

basis, tnordertoainl_ize col_nication subsys_r_a.wdiftcatlons.

e Structural cha_es will be limited to these required to support

additional experiments except for the replacement of the arch

SUPlX_ structure mecessary for camera package reB_val, by a

_aSs struc_aL_e in the cue of deletlon of the __l_iC sub-

system (Case IV). Micr_neteoroid detectors and radiation sensors

eIMse6,

4; The photographic subeyste= constraint of 50" - 75" solar ill-_,Ltna.-

tion at the subspacecraft point will be preserved for Casee I

through Ill of the Statement of Work.

e Experiment definition of the Statement of Work as rel_uce_ in

Appendices A and B will be used in spacecraft configuration studies

and will be complemented by data of Appendix C only to the extent

necessary for c_al_leteness of definition.

With the exception of the changes em_nerated above and the _d_li_on of

programmer co_e_ telemetry fUnctions, when specified, all subsystems

will remain, inasmuch as possible, unchanged.

SAMPLE _NT GROUPINGS

Sample experiment groupings, for each of the Cases i through IV
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4.2.0

_.3.0

specified _ the L-5382 Statement of Work, were defined on the basis of

cap_ilities i_ileated by the par_t_ic studies, experiment deserIpticm

of Appendices A and B and following consultation with the contracting

ngency.

These e_nts groupings, their total _ight and structural integra-

tion allowances based on weight availability estimates, are shown in

the tahul_tlon of Fi@_re 4.2.O.1. The correslx_ng weight availabilit_

estimates and associated approximate orbital profiles are su_zed in

Figure 4.2.0.2.

MECHANICAL LAYOUTS, WEIGErS AND CENTER OF GRAVITY

Configuration drawings were generated for five of the eases. These

configurations are shown as isometrlc drawings of experiment srr_e-

merits in two views in Figures 4.3.0.1 through 4.3.0.10, respectively.

The correspo_ilng cross-sectional _lews are shown in Figures 4.3.0.!_

through _.3.0.21. (P_ges 2k6 throu@l, 25_ inc/uslve)

On the basis of the above layouts, corrected weight statements were ob-

tainel for all ten experiments. These are tabulated in Figures h.3.0.2_

through 4.3.0.31, and include moments of inertia and e.g. data in the

critical cases.

Since the weight statements substantiated the initial estimates of

feasibility of mechanical integration of the experiments, in conjunction

with the above five configuration layouts, it appeared unnecessary to

generate additional configuration data.
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CASE la

71 165Llo ws o. 

DELETE"

Hadlation Detec %Ion
MlcrQme_ro14 Detection

12 Am_-Hr Batteries

ADD

20 Amp-Hr Batteries
Wire For Re-Arranged Boxes
Photometer - Colortmeter
Magnetometer
Solar Plas_
D_ta Storase Tape Recorder

TOTAL INERT WEIGHT

ADD

N 2 -- ii months

N2-- 30_daYa
Propellant

TOTAL WEIGHT @ AGERA SEPARATION

TOTAL WEIGHT ALLOWED PER NASA RFF

WEIGHT -- LB

2.52

29.96

51.00

_.00

12,00
12.00

9.00

_._
6._

_.h7

1.03

3.00

2.00

-33

TOTALS

116.65

CASEIm_@

Solar Panels &_

Boom. D_Elo_yedl

INERT WEIGHT

AGENA SEPARATION

WEIGHT
LB

CENTER OF GBAVITY

X z Y

INL3_TIA,,
85UG - _=

Iy'y I'Ix'x, ii Iz'_ 1

_._ _ _.i_ [ 168._ I

_°'58 I 3°1"75 } mT";_I! {

+.02

+. Ol
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CASE Ib

'l'/]./6:_ L/o za_T _zowr

Radiation Detecti e_
Ktcru_teo_ld kt_tAon

ADD

Photometer - Colorlmeter
Magnetometer
Solar Plasma
Date Storage Tape Recorder
Wire For Re-Arranged Doxee
Micrometeorold Detector

Auxiliary Equipment Deck

TOTAL INERT WKIORT

ADD

N2 .m

R2 _10 _onthsWe
Propellsnt

TOTAL WEIGHT O AGDA _ARATI0U

TOTAL WEIGHTALLOWEDPER IASA RrP

W'F..IGBT-- LB

2.52
3.20

_.00
12.00
12.00

9.00

27.00

_._
6._

2;2.E7

z..o3
3.00

.9
12.26

12.16
1.00

.33
3.20
3.8O

TOTAI_

_72.08

- 9.75

97.6_

913.o3

920.00

1,tg. 1,.3.o.23
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7D./6p L/o nmrr _cmrr

Rad£atlon Detection
]_cronete_o14 _eo t_Lou

sol,,, p_-,_

I ""S_LETURE
& 8EI_SORS & _o

1.03
3.00

Ganma Ray

l_ta Storage Tape Recorder

TOTAL IN_T WEIGHT

ADD

H2 -- 11 J_,],zlr,,b,,,
"2 --30 _,
PTopellenl;

TOTAL WEIGHT O AG_IA SEPARATIOR

TOTAL WEIn_T ALLOWED PER JASA RIP

28.00
9.ro0

/

_.29
6.29

9.21
1.oo

/

TOTALS

572.O8

- 9.75

92.O8

273.05

" 917._

92o.o0

t L

REV LTR _
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CASE IIa

711165I./o UlmTU_.OU'r

Rad£at£on Det_t£on
MlQro_t_roid Dmteot£on

Camera High Resolution

A_

W_re For Re-Arranged Boxes

Auxiliary Equ/l_ent Deck

Radiometer

X -Ray

Photometer - Colorl_,ter

Data Storage Tape Recorder

TOTALIN_T WJ_IORT

ADD

N2 -- II months
R2 -- 30 d_,
Propellant

TOTALWEICgiTO AOmqABI_ABREIOB

TOTALWEIOBTALLO_g_P1B L_BA EFP

WEIGHT-- LB

& B_SORB & wntUlo

2.._2

28.00

6.00
18.oo
k.00
9.00

k.29
6.29

262.k7

_.03
3.00

.98
g.30
2.10
1.90
,9o

1.00

W

.-37.75

&6.18

853.56

860.00

Fii_. 4.3.0.25
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CASE iIb

7/1/65 L/O _n_ _aHT

DZLETt

Radiation Detection

ADD

ICte_t, eoroA4 Det,_l.on
Camera High Resolution

Wlre For Re-Arranged Doxee

Ge_na Ray
Photometer ° Colori_eter

I_fra-Red

TOTAL _ kIBZOI_

Data Storage and T_pe Recorder

ADD

W2 -- 11 months
w_ -- 30 a,_.
Propellant

TOTAL t_.I_IT O ._A 81_ARATION

TOTAL WEIOHT ALI_WED PI_ NASA RFP

WZlGH_ -- LB
__T S_U_RE

& SENSOP_ & _IRINO

3.ZO
ZS.oO

28.00
4.00
I,.00

9.00

_._
6._

_42._7

9.21
.9O
.9O

1.00

_O_ALS

572.o8

-37.7_

_7.99

860.00

m_. h.3.o.s5
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CASE IIc

7/"/65 L/o zm_ mumr_

Radiation Detection
Mlerometeoroid Detection

Camera High Resolution

ADD

Wire For Re-Arranged Boxes
Auxiliary Equipment Deck
Radiometer

X-Ray
Photometer - Colorlmeter

Infra-Red

Data Storage Tape Recorder

i

TOTAL _ WIE[0]IT

ADD

lq2 -- II month|
H2 -- 30 days
Propellant

TOTAL WEIGHT O AODA BEPARATIOB

TOTAL WEIOHT ALLOWED PER RASA RFP

WEIORT

2.:;2

3.20
28.00

TOTAIa
& WIR_O

T72.o8

-37.75

l.O3

3.00

52.13

3.35
2.10

1.90
.90
.9O

1.00

_._

253.05

839.51

86o.oo

6.00
18.00
_.00

_.00

9.00

g.29
6.29
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ADD

Radiation Deteet£oa
HlerometeoroldDeteot_on
Camera Low Resolutton

Wire For Re-Arranged Boxes
Photometer - Colorimeter
BI-Statle Rudar

Data Storage Ta_e Recorder

R2 -- ).1. montana
_ -- 3o_a
Propellant

ADD

TOTAL WEIGHTO AO_A BEPARATION

TOTAL WEIOBT ALLOWEDF_ NASA

',IEIOKT .,,. LI,
_IrlP_T B_l_',m.t TOTALS

& SENSORS & _0

2.52 1.03
3.2o 3.oo
3.00

.5o
b..00 .90
5.00 10.33

9.00

_._
6._

2_2._7

(Incl. 30"

I._

-z2.'t5

30,T3

Fis. 4.3.0._9
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CABE IIIe

71zl65 LIo zmm maore

Radiation _teetloa
141er_mlteoroldl_tamtlon
Cem_ I_v Resolutlo_

ADD

RqUTPMENT

Gama_ Ray

l_8torltSc _q_peRecorder

'I'OTAL_ _rKl_OllT

ADD

N2 -- llmontba
_2 -- 3Oda_'m
P=opelXant

TOTALW_T O A_NA fFgPARA_OI

• _Y/_ALt_COHT ALLOW_ PI_ NASAR_

3.20

28.00

9.00

t

_._

237._7

-,-LB
BTRIE'Tq.IRE

& _0

_..03
3.00

I

1.00

- _........ -

_7.m

85_. 59

860.00
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CASE IV

7/I/65L/OINZ_HW_GH_

DELETE

ADD

Radiation Detection
Mlcrometeorold Det_ction

Photo Subeymtem
Structural Arch

Truss Tubes
Photometer- Colorimeter
Infra-Red
Radiometer
X-Ray
MlcrometeorOld Detector
Bi-Static Radar

Solar Plaama

Gamma Ray
MagneftoJeter
Data Storage Tape Recorder
Wire For Re-Arranged Boxes

TOTAL INERT WEIGHT

ADD

N2 -- ii months

N2 -- 30 days
_-opellant

_TAL W_T_ _AS_J_A_ON

_T_ _I_TAI_WEDP_ N_AP_

WEIGHT -- LB

2.52
3.20

I_5.5 j,

I_.00
b.O0

6.00
18.00

_.00

12.oo
_.00
12.00

9.00

6.29
_fi2.h7

1.03

3.00
_.88

3.79

I.O_

.90

.90
2.10
2.00

3.20

10.33
(Incl. 30"

8.61
9.Zl

12.26
1.00

.3]

TOTALS

176.88

_5,oo

273.05

85i_ <"_
I

860.00

CASEIV @

Solar Panele &_
Booms De_!p._yed!

INERT WEIGHT

AGENA SEPARATION

WEIGHT
LB

585.00

858. o5

CENTER OF ORAVIT_
IN

X Z Y

226.65 +.16 - .13

212._ +.I.1 -.09

IN_TIAo
SLUG - F__

Iy.y Ix-x

205.39 22_.69

251.7o 23_.3o
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4._.0 MISSION PI_LlgS

Ing rationale :

Fr_ the viewpoint of weight and volume ee_ capability none

of the configurations considered appeared to offer a critical need

for ex_ination.

2. The '_laek box" de_tc_ of e_ts ana their low _ re-

quirements,appeared to iadieate no critical problems in the thermal

srea for a_ _rt_cular e_nt,: _ ._
• i

3. From the viewpoint of the attitude control aubsystea the critical

configurations appeared to be these configurations requiring boom

deployment, resulting in partly chan6ed moments of inertia, and

those missions requiri_ a large number of experiment attitude

maneuvers a_i/or long arc cc_ers_es in the course of a single

orbital pass. These items will be less critical if the angular

accelerations and control tolerances may be relaxed from those of

the photo subsystem.

From the viewpoint of the power subsystem, continuous operation of

experiments d=ring "nlg.httlme",operation of _roups of experiments

over long arc lengths (departure from cruise attitude) a_i opez-a-

tion of the high power transmitter for data experLment data trans-

mission in addition to video _ata, appeared to be the most critical

8/_a8 o
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5. From the viewpoint of the cce_Auication subsystam, under the

ground rules defined u_r 4.1.O, the critical problem areas

appeared to exist in the cases of high experiment data requirements

over short arc lemgths, oc_Arrlmg in surface directed experiment,

and/or accumulation of low data rates as in the case of environ-

mental experiments operati_ contimaously turin6 the sun and earth

occultation times by the moon (relative to the mpaceeraft).

On the basis of the above considerations the configurations of Cases IB

and IIC were chosen to cover the range of critical factors.

The initial comditions for the mission profiles for these configurations

were chosen as follows:

Apolume Altitude
Perilune Altitude

Incllmatlon

IllumAnation at Perilune

Pboto6raphic Alti_le

Pho_Taphic _so.luttcQ

CASE IB CASE IIC
, , ,, L , J, _ ,, = ......

IR Altitude

Radiometry Altitude --
Phota=stz.7/Colo_._tz_ Al_tude 92 ka

_Qx-_ Altltuae
Photography Illumination

3ooo ka 3000 km
9_km _km
33" 45°
60" 90"
9z _ z84 k=
2 meters 32 meter stere
16 meter stereo

n _6ka

184 km

50" - 75" 50" - 75"
105" - 90"
80" - 60"
50" - 75"
Near Equatoria

Neaz' 26" Lati-
tude
(z3"x 36o')
Near Equatoria

IR Illumination --

Radiometry Illumination --

P_oto,=try/co,torimetz7 I_ualaation5o" - 73"
Photo Target Area ArJ.starchus

IR Target Area --

Pbot_aetry/Colorimetry T_rget Area Near 26" L. band

(2_"x 36o')
Radiometry Target Area --

X-Ray Target Area

;.)

;.)
Near _6" N Lat%-
"_d,e

22" N I.at_-

_E/_V_ ]"°. D_._oo_9-!
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The above l_ofiles eme illustr_ted in Figures 4.4.0.i and _._.0.2,

respectively. The detailed orbital data, corresponding to these

orbital profiles, is shown in Figures 4.4.0.3 thr_gh 4.4.0.15 a_ the

correslxmd£_ mission event sequences are sw_arized in Figures

4.4.0.16 and 4.4.0.17_ respectively. The area covers_es of mission

IIC relative to each of the m_rface oriented experiments are illus-

tratea in Fire,re 4._.0.18.

CASE IB

_e _481A_m profile and mission event sequence for Case IB is _nerally

similar to the standard Lunar Orbiter mlsslon with the exception of, the

_,__ a_au,_ ,=_ __ al_es ,a_ _l_nat_. The _fre_-

ence manifests itself in decreased Sl_cecraft occultatloa tames with

respect to bo_ the eun and the earth. The event sequence, prior to

the final lunar orblt s_i initiation of experiments, will correslxmd

cloeely to the standard lanar Orbiter mission with the exception of

boom deployment sequencing. During the final orbital 9base the environ

mental experiments will be operated contlm_ously, without interferin_

with the surface related exl_rlments, and the l_OtCe_try/colorime_ry

experiment will be l_rformed in conJunctiom with the photo@ra_hic

ex_erlme_t (Mal_ing of Arlstarchus) on a sequence of 12 consecutive

lunar _rbi_. The photcm_try/colorimetry experiment will be a_li-

tiomally performed on each of the final lunar orbits, over the il!um-

ination band of 50 " - 7_s, during the 30 day mission from cruise

altitude. This will result in l_otometry/eolorlmetry coverage band

of an aEproxlmately 25s width around the lunar perimeter (360" coverage

Covera@e contiguity for the photometry/colorimetry experiment could be
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MISSION DEFINITION

MISSION
tt i it i it i iii m

Launch
Date

Ti=e (hr, =In, lee)
Azimuth (deg)
P.O. Coast (see)

Trsnslunar luJectioa
Time (br, _n, see)
Latitude (deg]
Longitude (dea)

TTanslunar
Transit Time (hr)

Approach Perilune Aft. (kin)

Lunar Injection
Date

Time (hr, mln, eeo)
Latitude (deg)

Longitude (deg)

Altitude (kin)

Plane Change (deg)
_V (meters/sec)

Initial Orbit

Apolune Altitude (kin)
Perilune Altitude (kin)

Inclination (deg)

Perilune Latitude (deg)
Perilune Longitude at

Arrival (deg)

Transfer to Final Orbit
Date
Latitude (deg)

Longitude (de6)
AV (metere/sec)

Final Orbit

Apolune Altitude (kin)
Perilune Altitude (ism)

Inclination (deg)

Perilune Latitude (deg)

Perilune Lc_gitude at
Tr_,t_ (deg)

CASE; IB
i ,Jl i

Nay 9, 1967
57 29.2

9o
2210.

22 _ 31.6
- _.19
81.85

90

- 3345
242

May 13, 1967
18 _2 17.8
28.11
65.90
257
7.17
587.3

3000
250
- 33 (dea¢_g)
25.7
75.15

May _0, 1967

17o
22.8

3000

92
- 33 (deece_al._)
2_
- 10

Commence Experiment
Date ._v _, 1967
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July 3, 1967
18 56 25.3
90

19 _2 31.6

- z7.9_
?7.7?

90

- 3979

July 7, 1967
13 37 33.6
_o.o5
57.32
33_
8._
609.6

3000

250
- I,3 (aesce._l_)
26.00

90.11

July 9, 19_
- 26

2_3.76
_.7

3000
_6
- _3 (descendln_)
26

63.76
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4.4.1 (Conti.ue_)

assure_ by experiment scan system _esign, such that a 43 km crossrange

strip is covered from an altitude of I00 M_, in this case.

It Is to be note_, by reference to Figures 4.4.0.5 an_ _.4.O.6, that

u_ler the above definition of the photometry/colorimetry experiment the

altitude of the experiment will cha_e contiuuously over the duration

of the mission. This is due to the precession of the earth system

arotu_ the sun while the lunar orbit remains approximately fixed in

inertial space. As a result the Lllumination band passes relative to

the _erLlune of the orbit at a rate of 360/365 degrees per day. The

phot_netry/colorlmetry experiment, assumed to be performed in a fixed

illumination ban_, is therefore executed at a progressively increaslng

true anomally sn_ a correspondiD@ly Increasin_ altitude. This is an

arbitrary definition_ for illustration purposes only, since the experi-

ment could be performed equally well from a nearly constant altitude at

progressively changing illumination angles (l'/day), which may be pre-

ferable from the scientific viewpoint_ up to the limit of the perilune

approaching the terminator.

It should also be noted, with respect to Figure _.4.0.16 that the event

sequence layout was performed on a fixed experiment duration basis

without an attempt at optimization of coverage, or detailed coverage

definition. This was done in the interests of simplicity of pr_6enta-

tlon since the only purpose of the event sequence ly_out in the pre-

liminary investigation l_ase is to provide data for an initial sub-

system analysis. Detailed time analyses will have to be perform,d at
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4.4.1

4.4.2

the experiment requ_ment specifications. A cmmpressed time scale of

fus_ctlo=m per orbital pass a_ea_s to be feasible, although not _eces-

sary, by ellmAmat£on of dual time slot allocation for mutually exclusive

functions.

CASE XIC

The mlSllOm profile for Case IIC (Medium Resolution Photo) prior to

In_eotlon into the final lunar orbit will be analogous to the standard

O_bi_er mission. In the final orbit _hase the surface oriented

experiments will be l_rformed at the time(s) when the spacecraft passes

:_ _nmt_on b_l appropr£&te to a i_r_icular leXtmriment or

experiment Bet. It shcaald be noted that the mission profile in thlz

case is illustrative only. For exmm_le, the IR and Radiometry experl-

ments are initiated prior to the passage over the termimator into the

illumimated region of the surface. The IR readings are therefore taken

over a region which had been in solar shadow for 14 days amd represents

the coldest eo_tion. The equivalent case for the entry of the space-

craft into the shado_ region, correspo_limg to the sunset condition

with respect to a surface _t, can be constructed to be a reversal of

the illustrated sequence of events (i.e. placement of photography/

l:_tl-y/eoloriaetz'y as the first experiment in the sequence) under

the assumption that the orbit perilune occurs at the sunset terminator.

The areas of l_titude coverage for the experiments of Case IIC resu!tin_

from the event sequencing specified by Figure _._.0.17 over a period of

30 days (360" longitude coverage) are shown in Figure _._.0.18. The

precession in latitude of the coverage levels is a result of the reiati_
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(Continued)

motion of the solar illumination bands, specified for the individual

experlments, with respect to the i_mctlally fixed orbit ignoring

pertttrbatlons due to 8x_vltational anomalies and earth effect. It

should be noted that an o_erlap bend between the various experiments

exists. This can be utilized as an aid in definition of the surface

area of observation in addition to the obvious means of extrapolating

fr_ photographic location points using orbital data over the relativel

short arc length involved.

The experiuemt altitude will chaDse as the mission prosresses for

reasons identical to these csmsing latitude precession. The variation

of experiment altit'uc1e, due to precession of a given solar lllumi_tion

band with reSl_ct to orbit perilune_ over the 30 day mission is illus-

trated in Figure _.4.0.ii. It should be noted that, within limits, the

experiment altitude can be _id constant if the experiment solar illumir

ation at the time of experiment operation is allowed to chanse. The

latter is_ similarly, true in the case of latitude precession of the

coverage baz_. Mal_ing of a constant latitude band is possible under

the assumption that changing solar illumination cozdltlons are accept-

able. With respect to Figure 4.4.0.17, showing the event sequence for

Case IIC, it should be noted that sufficient time is available in a

single orbital pass to perform the required functions under a non-

Ol_Imam allocation of a constant time slot for mutually exclusive

functions. Compression of functions into a narrower time band is

feasible, if required, and should be done when a detailed functional

definition of experiments becomes available.
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4.5.0

_.5.1

i _ i

Subsystem analyses were carried out under the definitions of mission

profiles and event sequences discussed in the preceding subsections.

_he results of these analyses in terms of performance identification

of subsystem modification requlrements_ if any, and mod/flcation

trade factors are discussed in the following paragraphs.

_cations Subsystem

For the purpose of determini_ the communication systen configuration

it has been assumed that the individual experiment sensors perform th(

necessary signal conditioni_ to supply to the ecm_cation system

binary signals at the requisite data rates listed.

_he Case IB Configuration, with the exception of the orbits during

which the high resolution photographic data Is belr_ transmitted to

earth s requires a data rate as shown in the figure below.

Recording

Speed

16oo

600"

Orbit Time

Photo/Colorimetry

4 Minutes

Data Rate as a Function of Orbit

REV LTR
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_.5.1 _cations SubeysteB (Cont.)

be present Lunar Orbiter communication system is not capable of con-

tinuously transmitting at the above data rate, except in thehigh powe_

mode, without a modification. It will be necessary, as discussed in

section 3.2.5 to store the data on magnetic tape for a complete orbit

and upon c_pletion to tranmnit this data to earth at an increased

rate. A8 this transmission would use the present video (Mode 2)

syste_ it requires only minor changes to the present Lunar Orbiter

communication system.

Based on an investigation of capabilities of tape recorders designed

for Deep Space operation, the recording and playback requirements as

shown in the figures below can be met.

Record

_hpe 3

Speed 2

Inches

per Sec. I

Photo/Colorimetry

___ 4 Minutes[

Orbit Time

Playback

_ape

Speed

Inches

per Sec.

3o

t

t

--..pm _--- i0 _L£nutes

Orbit T_e

_e configuration of the tape recorder relative to experiment inputs

and the Lunar Orbiter modulation selector is shown in the figure

below:
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4.5.1

Na_netometer

Solar Plasma

= Micrcmeteoroid

Photo/Color.

TAPE STORAGE

AND MULTIPLEX

LOGIC

L. O.

Modulation

Selector

The high power transmission mode, on a time share basis with video

data is assuned in the above configuratiou.

It _ _ noted _h_t theabove figure assumes a self contained

multIplexlng logic capability in the tape recorders. _is capability

t= 8valAa_le rAVin devele_ental nodelB and san be aa_ted to _

titular requirements with minor logic modification. An exe_]e of

such a recorder is the Leach _-2000.

The time multiplexer-encoder or commutator between the digital experl-

men% outputs and the tape recorder and cc_mmlcation system input is

required to handle, upon cu_nd, two data rate modes.

MODE I

Inputs : Mlc r_eteroid

Solar Plasma

Magnetcueter

8tacecraft _me

Output Data Rate = 650 bps

Operation: Parallel to Serial

-- 4 _ps

-- 5oo b_,s

-- I0o bps

-- 50 bps
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4.5.1

Bits

per
8ec.

_Cations 8ubs_s_ (Cont.)

MODE II

Inputs: Micrometeroid

Solar Plasma

l_gnetometer

Spacecraft Time

Photome_/Colorimetr>

Output Data Rate ,, 17o0 _s

Operation: Parallel to Serial

-- _ _s

-- 500 bps

-- I00 bps

-- 50 _ps

-- i000 bps

Mode II differs from Mode I in that it has the additional experiment,

photometr_/colorimetry (I000 bps), to multiplex into the single out-

put data rate. _is change in data rate will have to be achieved by

preprogrmmed ccemmnd.

_eabove requi_ents, in conjunction with the coamA_tion of d_ta

over the entire orbital period,

specification :

Recording speed

Playl_ck speed

_pe length

_pe density

result in the follo_rlng tape recorder

-- land 3/inches/second

-- 30/Inches/second

2000 feet

700blts/second

The data rate profile for Case IICIs shown in the figure below:

5_,000

1,000

"7

Orbit Time
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4.5.1 Ccmnun_cations Subsystem (Cont.)

Be data storage system for CaseIIC ts similar to _hat of Case iB land

iS shol_ belov:

Radiometry =

I-R

X-Ray :

Color/Photo

TAPE STORAGE

AND MULTIPLEXER

LOGIC

Clock and

Spacecraft
TAme

__I I__

L. O°

Modulation

Command and Control

• _ape Speed

• Record or Playback

_he tape recorder would be required to recorder 3 ips for the l_w

speed data and at 30 ips at the high speed X-Ray measurements. Play-

_-e record-playback tape speeds are lllust-

rated in t,he following f_uree

Recording
Inches

per
Sec •

30-

D
X-Ray Fluorescence

10 Minutes

, i ,

Orbit

Playback
Inches

per

Sec.

3O

_-- I0 Mlnu_s

Playback Speed
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4.5.1 (continued)

The recorder will contain its own multiplex logic which will

convert the serial.(54,0OObps) to four parallel channels for

storage on separate tracks, on the tape. On playback the recorder

reeonverts the parallel data to serial data for transmission to

earth_ via. the high speed data link as shown in the following

figure :

Serial i Track l- -- Parallel
!

•rack 2--

Track 3-

Track 4--

Clock ----

Tape

Recorder

Serial I to

Digital --D Parallel
!

Data I Converte, ....

I ,

--_ to

---. Serial

Converter

i

q
I

I Playback

I Serial Output

I
._1

The data storage system, described above and applicable to all

configurations, would have the following approximate characteristics:

Volume

Weight
Input Power

Tape Speed

Tape Length

Tape Width

Packing Density

Multiplexing

capabi li ty

Space Qualified

7.i" x 7.5" x 5.7"

IO ibs.

9 watts D.C.

i, 3 and 30 inches/sec.

2250 feet

1/4 inch

lO00 bits ./inch

Yes

Yes

The current Lunar Orbiter communication subsystem must be modified

only to the extent of providing a command and switching function

energizing output from the tape recorder to modulation selector,

in addition to the command functions controlling recording speed,

on a time share basis with the video transmission function.
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(continued)

_l_e above modification is shown schematically in Figure _.5.1.i.

The capability provided by this modification snouAa cover the

spectrum of given experiment cOmblnar_ons without a significant

effect, on vAaeo _nmnlssion capability. With the exception of_

additional command requirements and decoder and programmer ouvput
/

modifications other subsystems, as well as the remainder of the

communication subsystem, will remain unaffected.

PowIa _

An analysis of _ae power subsystem requir_ents for the _vo

attSStOa _t sequenees defined in Seetton 3.2,3_ Indicates _hat

the minimum array power requtrmnent needed to support the maximum

c ontlnuous spacecraft load and re-charge the battery at a rate which

will ensure energy balance is 307.2 watts for case _B and 262 wa'Cts

case ZI_. _ese compare to 3OO watts for the Block _ Lunar Orbiter

Missions. In actual fact, the present IaLnar Orbiter array does not

meet the minimum output requirement oZ" jOO w_tts at the max_num

array te_erature expected. But by increasing the normal battery

charging rate above that required to maintain energy balance use

can be made of the excess power available when array capability

exceeds the load demand, so a lower minimum array output can be

tolerated. In a similar manner, it can be argued that although

the present array does not meet the minimum output requirements

for Case _B above, there is more than sufficient energy avallable

during the illuminated portion of the orbit to recharge the battery.
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I*.5.2 (continued)

See Figures 4.5.2.1 and _.5.2.2. In fact, it may be seen from

the following anal_sis that the battery charging rate required

to maintain energy balance is 1.47 amps and 0.80 amps for Cases IB

and LYC respectively; thus it may not be necessary to increase the

charging rate to the present limit of 2.85 ÷ 0.15 saps. Using a
w

lower charging rate would reduce the risk of overheatlm_ the

battery and would thus increase battery reliability.

• i

In both cases, the battery depth of discharge in lunar orbit

is not as deep as that for the Block I missions: 36.3% in

Case IB and 20.7_ in Case ZZ'C. Figure _.5.2.5 indicates

the battery depth of discharge as a function of be%tery capacity

for both cases and the discharges with 12 and 20 ampere hour

batteries, using space qualified nickel-cadmium cells. _le

daytime loads for the two cases are shown in Figure 4.5.2.1 through

_'.5.2._.

Summarizing, the present Lunar Orbiter Power Supply will meet

the load requirements imposed by the two proposed mission event

sequences, without any modification. As in the case of the Block

X mission, care should be taken to see that the spacecraft loads

do not exceed the array capability during the first 0.( hours

in sunlight of each orbit, or the bus volts2_ may fall below

the minimum daylight limit. This is n_st likely to occur during

the photo readout phase when load demands are heaviest, but with

the extended daylight period of the new orbits and the judicious

choice of readout times this difficulty should easily oe avoioed.

REV LTR

U3 42B8-2000 REV. 1/6S

I#_N_I _01 D_-IOO369-I

I SH. i65



INITIA/I

c,,,_.c 3.0". 6
CHECK

APPD

APPD

UI 4013 _ IIEV, 12,64

REV LTR

DArE

-tlN,l .f

R|V IY DATI
INITIALI

TITLE

Lu,..aA_.

Lo_._ P_oF_ uL.

O_s,#-r's • ('cAs_ ":r,._,)

,I',I'_"/N_' INO D2-I0036!)- l

ISH 166



,J

CI

-7

• ) •

0
0

q_

a.r_d.Lm 0

i

0

0

::i:

ut

0

0

m

°!_t

&
<
.:/

u.l

ttt
6

0

0 i

t

CAI.C

CHECK

APPD.

APPD

-- a

:N,_,.=.L_J i,,,':_':,o... _,_. _ ,,oo,_

U3 4013 8000 IIEV. 12-64

REV tTR,, m41,4,'l_wn I No _-1oo369-1
I SH ' 16T



L J ! ,.' . _ ! "ll JJlJ L _J _ • •

I J. ' "

, 1

t 1
i II t '

i .... ' i
L

i i ii i Ji ,i

_a
0

W'

I

z _!
O
5; I-

4

Q1

OI <

,4
,J
0

I

i I

1

I •

3

I
a.

[._'_

0
U_

0

0

U_

0

IA

0

0
,,;.

In
6

0

._J.,.LV/v_ -- _ =J_o<::l ..L_,_ a..,,_0

i

INITIAL|

CHECK

APPD

AFPD,

U3,1013 _ REV. 12-64

Rf:V LIR

NKV BY

DATE INITIALS DATE TITLE

'- _U_Y._TE M LoAD PIC, oFI LE

'__ LUMAI¢. O_,II_I"T.,_ CCASE _ C)

mOdlrlNO I _o I_-i0036_-i
' I_h _68

c

Z

i, j

r.,l

--lUUl ' •

4
J

MODEL



1F9_ _ %_¸ f

!̧

u

I.

i

!

i

I i

o I

0

i

t n n I ; II n t _

: o o
0

q_

i ' i

0 0
0
0

• _._ .L.--d J._ 0

INITIALI

c,_ .,I,_.G
C-IIICK

UI ,Ill _ IIIV. 1144

REV I.TR

DATI lllV It DATI TITLE
INITIALI

_OJII'_'N_ I NO ]_'10036{ 2 - "I

I' sH 169

_ODKL

,_,'__., '



i
i

45

_, 4o

I

_lJl

(
I
U
@ 5o

I

2s

)-
f/ 15
W
I-
F
,(

5 i
+

0
o

INITIAL II

c.c J .G ._
CHECK

APPD

APPO

U't 4013 _ REV. 12-64

RFV LTR.

, ,,y ,j ,,, • ,i ,, ,.,

, ,,, ,, ,

DATE

I

L

: • i , a , | , , ,,, , I

5 0o IS 2o 25
I

8A'r"rll, Ly C_PA_..,I'I""V" ,,m,,Wm,,,_mm-'_4._1,, , t

nGU_ 4.5.2.5 ! t
i ii i i iJ i ii ii ill ,

RIv ' my
INITIALI DATE TITLE

I , | -

3o

i
i p

MODEL

'm _0_ 1 No i]2.10036_. 1

I I+h zT0



! •

!3; ::

J
Z
O

.J
<

Z
uJ

i-
F-"

rv

LU

a.

I-

o
f4.

UJ

4.5.2 (continued)

Power Subsystem Anal_sl e

Case

Orbital Parameters :

Apolune Altitude
Perilune Altitude
Inclination

Illumination at Perilune

Orbital Period

M_xim_n Dark Time

3OO0 lOa

33°
60°

4.69 Hrs.
40.6 Mins.

= 0.68 Hrs.

of Symbols: ......
. . ./

:r.a 'Solar Army Current " _-
. - tta woae
_bc -Battery Charging Current

IRL -Current Losses in Charge Controller
end Shunt Regulator

_S -Shunt Regulator Current

_c -Charge Controller Current

_L -Load Current at Power Output Connector
Va -Array Voltage
V_ -Battery Voltage

Vd -Drop Across Blocking Diode D1
Poq -Power Output
eb -Battery Charge - Discharge Efficiency at

a Given Temperature
T -Orbital Period

tn -_e Night TAme Portion of the Orbit
t -Time after Start of the Nighttime Portion of

the Orbit

Frum the load su_nary of section 3.2.3, it is seen that the basic

load requirements are 106.5 watts in the daytime and i00 watts

at night. _e battery discharge current at night is given by:

/-
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4.5.2 (continued)

= 0.267 + O + Po

Vb - Vd

= 0.57 + o + _9.7 = 4.60 amps.

24 - 1

bus the basic night-load before we add instrumentation for

experiments is 4.60 amps.

We may now add the instrumentation and photography power

requirements.

Instrumentation

HR i meter

Full Photo Capability LR 9 meter,
Readout J4ode

Micro-Meteoroid Experiment

Solar Plasma Experiment

Magnetometer Experiment

Phot_etry/Colorimetry Experiment

Subtotal

*Does not occur concurrently with readout.

Power Required
Watts

oat Night

69.8 15.0

1.5 1.5

8.o 8.o

7.o 7.0

4.o* --

86.3 31.5
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}*.5.2 (continued)

Communications
. , i i

be TNT amplifier and b_tgh

gain antenna will be required.

High Gain Antenna Controller

TNT Amplifier

Tape Recorder

Power Required
Watts

Day Night

0.5 0.5

54.0 0.5

9.0 9.o
,

63.5 1o.o

i, _|l, ill

Total Bat_er_ _tscharge at _lght

_3 V

. _._ _s

If we assume that during orbital daytime _od = O, then equation

for energy balance is:

m

eb

T

tn

Zcdt . _dt

,,0

Substituting values in equation (i) gives

Y

%

o.68

icdt 6._o_ at

(_)
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4.5.2 (continued)

Integrating the above expression gives

%
(4.69 - 0.68) - 1..355 amp hours

In the worst case e b = 1.35 at a battery temperature of 35°C

'lhua Tc . 1,.355 x 1.35

1..Ol

_is is the minimum charging current for energy balance in

the worst case.

Minimum Solar Array Requirements

_e array current required to supply the maximum continuous

daytime loads, charge the battery and supply subsystem losses is:

A " %+ c+Zs+TSL ..... (2)

In the "Off" mode _[a '= 0 amps

- 1.47 ,=_s

_L= o.267 _s

and TL = 106.5 + 149.8 " _ = 8.747A

Ve ">.D

Ign_: Va - vh+v c

Vb - 20 x 1.44 volts/cell (at 35°C) - 28.8V

v c - 0.5 volts

Va = 28.8 + 0.5 = 29.3 Volts
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4.5.2 (continued)

Substituting the above values in equation (2) gives

T.a = 8.714.7 + 1.47 + 0 + 0.267

= 10._8_raps

_ze minims required power frma the array

Pa = Tava " lo._8_ x 29.3v

= 307.2 vat,s

_e tmtter_ discharge current at might was shown to be 6.hO4

ml_pa. With a maximum dark period of 0.68 hours, the battery

discharge is 4.355 amp. hours, or a 36._% depth of discharge

for the 12 amp-hour battery.

Case _IC
i

Orbital Parameters :

Apo lune Altitude
Perilune Altitude

Inc lination

Illumination at Perilune

Orbital Period

Maximum Dark Time

3OOO Km
46_
45°
90°

27.4_ Mine.

Analysis

Power Requirements :

= 0.44 Hrs.

_ae basic load requirements are 106.5 watts

in the daytime and 99.7 watts at night.
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4.5.2 (continued)

For Case IIC, the instrumentation and photography power

requirements are as follow:

Instrumentation

HR 1 meter

Full photo capability LR 8 meter readout

mode

Radio meter expert_eat

Infrared experiment

X-Ray Fluorescence experiment

Photometry/Colorimetr_ experiment

Power Required
Watts

Da_ Night

69.8 15.o

5.0_ 5.0_

-- 8.0*

2.0** --

_.Oee --

Subtotal 69.8 15.O

* Be Radiometry experiment will be initiated approximately

4 minutes prior to crossing the terminator and will be

terminated approximately 4 minutes after crossing the

terminator, q'ne 111 experiment will be initiated approxi-

mately 4 minutes prior to crossing the terminator and will
end at the terminator.

Does not occur concurrently with readout.

Co--cations

Be TWT amplifier and high gain antenna

High Gain Antenna Controller

TWT Amplifier

Subtotal

TOTAL

will be required.

Power Required
Watts

Day Night

0.5 0.5

24.0 o._

1.o

_.3 16.o
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_.5.2 (continued)

From Case _ it is seen that the baste nighttime load current

the IR and Radiometry experiments durin_ orbital nighttime,

A_in, in the worst case e b = 1.35 at a battery temperature of 3_C.

8ubstltuti_ values in equation (i)

0.46

_c dt = 5-3 at + 0.04

@

1.35

z,
1.3----_(_.64 - 0._6) : 2.A_ + O.Ok amp hours

Yc = _.h8 x 1.35
_._ ups

= 0.80 amps
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4.5.2

4.5.3

( continued )

Minimum Solar Array Re_u/rements

= IL+ I + Is + _Lc

. lO6._+124._w +o.8+ o+o._7

29.3V

- 7.877 + 0.8 + 0.267

- 8._)44,_s

_ne minimum required power from the array

Pa = Za Va = 8.944 x 29.3V

= _2 Watts

Battery Depth of Discharge

\

_e battery discharge at night was 2._8 amp-hours, or 20.7%

depth of discharge for the 12 amp-hour battery.

\

_ERMAL CONTROL

_e Case _ con/xguratlon will provide the same component thermal

envlromment as the existing Lunar Orbiter design with the

exception of the command decoder. The command decoder would be

subjected to a minimum temperature of -15°F instead of its present

minimum of +lO°F.

Because of the increased apolune and perilune altitudes, increased

inclination and location of orbit perilune the mission design will

subject the equipment mounting check (EMD) continuously to exposure

to sunlight for the first six days in lunar orbit. The present

design of the spacecraft thermal control limits the power loads to
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4.5.3 (continued) .....

_110 watts under the above conditions. A modification in

the E_D exterior paint would improve the spacecraft capability

with respect to maximum power load capability under 100% sunlight

conditions. As can be seen by reference to Figure 4.4.O.Ib _ne

pnotographlc sequence, with an associated power output of 179

watts, is scheduled to c_ence at 3 days after orbit In_ection.

Photography and film processlng, requiring a total power load

of 20_ watta would be carried out prior to the time when spacecraEt

. sun occultation occurs. Solar energy input to the RMD vould _e

reduced during the photography sequence by approximatel_ 15%

_n_ tO:th_ _lmr Incidence 33°_ _th respect to the deck. _ais ,

attitude can be maintained as long as necessary durtn_ the re_a_der

of the orbit which will effective_v Improve the spacecraft thermal

capa_i_ity. Furthermore, if the above solar energy reduction in

_on_unction with an EKD exterior point change does not prov±d_

sufficient capability a deliverate maneuver, orienting the _MD

away from the sun for a period sufficient to restore thermal balance

can be executed at some penalty in attitude control gas.

As the Case _ mission progresses the sun occultation time(s)

approaches the current design limit of _0% of orbital time in

the light under a maxtsn_n power load of 250 watts. Additionally.

as can be seen by reference to the power subsystem analysis in

section _.5.2_ a constant load of 250 W is not cont_la_ed.
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g.5.3 (continued)

q_e Case _C mission results in an average of 91% of orbital

time in the sun. _his is 11% in e_cess of the maximum current

deslEn time of 80% under a maximum power load of 2.50 W. It

should be noted that, by reference to the power load analysis,

that the maximum power load of 250 W is limited to 16% of orbital

time prior to completion of the 30 day reconnaissance mission and

32% during the retransmlssion of film data after 30 days. Further-

more, during a period of 9% of the orbit the solar energy input

o
is reduced by 29_ due to misali_ment of 45 frola the sun due to

experiment orientation requirements. The above misorientation

can be maintained for a longer time, as required for restoration

of thermal balance, without penalty in attitude control gas.

In sunnary, both of the above configurations and missions indic,re

a need for improvement of thersml capability of the spacecraft

for high orbit inclinations. This improvement can be achieved

by either exterior paint change or deliberate misalignment from

sun orientation or both if necessary. Detailed computer analysis

will be required to determine the extent of modifications required.

_hls should be carried out when more precise experiment definitions,

including their power dissipation, thermal control and solar shielding

requirements, become available.
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4.5.4

4.5.5

VELOCITY CONTROL

The parametric trajectory design data of Section 3.2.1 used

in the definition of mission profiles for Cases IB and I/C was

verified by detailed trajectory computations. The data of

figures 4.5.4.1 and 4.5.4,2 present the velocity requirements

as a function of longitude of arrival fur May and July of 1967.
I

The superimposed horizontal lines represen% the available velocity

increment after bud@etln6 of 117 m/sac, for mldcourse error
i

correction, in_ection error correction, specific impulse de6radation,

finite ]_U'n time and propellant off,loading. It is to be noted that

are awl  le for o ,eof the =i!sio s.

_ds should in general constitute an operationally acceptable launch

period. _e abscissa of Figures 4.5.4.1 and 4.5.4.2 represents a

measure of waiting time in orbit when an experiment is to be performed

at a specific longitude in the near equatorial region. _he con-

version can be achieved by differencing the arrival longitude and

target longitude and dividing by the rate of rotation of the moon

In the case of the Case I_Cmission the mapping mission would be

initiated at an approximately 80 ° East longitude.

ATITI_DE CONTROL

An analysis of the mission profiles shown in Section 3.2.2 was

carried out in order to determine the extent of attitude control

subsystem modlfication requirements. The two mission-configuration

profiles pose a problem of providing sufficient attitude control
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4.5.5 (continued)

gas budget for an extended llfe mission which can be solved

by several alternate means.

The Case _B configuration represents an average increase

of moments of inertia of 2.6 relative to the present spacecraft

configuration. The moments of inertia for this case are shorn

in Figure 4.5.5.1. If the current spacecraft maneuver rates

were to be preserved a proportionately increased nitrogen gas

flow rate would be required. The increased flow rate would

require thruster size and regulator modification with the

possible additional modification of supply line due to pressure

drop under increased flow rate. These modifications would require

investigation in greater detail. Assuming the above modifications,

an increased nitrogen gas capacity would be required for the Cr,se

ZB configuration and its associated mission. This is shown by the

tabulation of Figure 4.5.5.2 which states a requirement for 24.78

pounds of gas, relative to the presently available i0 pounds, for

the specified mission followed by an extended mission life-tlme

of one year. The above nitrogen gas increment, of 14.78 pounds,

would require a spacecraft weight increment of 38.5 pounds because

the tankage weight can be estim ated at 1.6 times the nitrogen

weight. Weight, increments associated with extended lifetime

requirements of less than one year can be estimated by reference

to Figure 4.5.5.3.
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CASE IB ISSTCN

REACTION CON_:IOL NI'_OGE_ WEIGHT BIEET

MISSION PHASE

PIIO'IDGRAPIIICMISSION

,13

(n)
Photo

Initial Acquisition

Translunar Coast
MidcourseManeuvers

2ndMldcourse

Initial Orbit Injection
Final Orbit XFR

Photo Maneuvers (12)

Photo Transmlssion (I0 days)

Lunar Orbit Coast (17 days)

Celestial Reacquisltlon
Disturbances

R/C Cross Coupling
Mission Total

EX_NDED MISSION

1'i Lunar Orbit Coastt Celestial Reacqulsition

13,1 Disturbancesi R/C Cross Coupling
Extended Mission Total

Reserve t

TO%_tL NI'IROOEN BUDGET

• " NIUR(_,I_IWEI0UT "LBS ....
BASIC VEilICi,E' (SCIENTIFIC VEilICLE

• n'_ "lU'i_L ' 'rA_'

._

.06

•18
•14

.09
1.19
._
.12
.81i
•] li
.:fO

1.79

.56
i.I,8

.19

_.O0

_.02

t

1.98

I0.00

_-a r ,,,

.16

.36

.36

.23

3.10
1.80

.31
2.20

.70

.52

I_.65
l.h5
7.40
.50

• UDTAL' ' <

io.7_

I_.OO

0

2_.78

FIGURE 4. ,_.5.2

L_
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LUNAR ORBITER SCIENTIFIC VEHICLE

CASE I A CONFiGURATiON, MAXIMUM
INERTIA CONDITION

TOTAL WEIG_fI" PENALTY = N 2 WT + TANKAGE
=N 2 WT + 1.6xN 2 WT.

2O

Z

0

BASIC L.O. R/C N2 BUD GET

I .... I ....... J I ..... 1...... I
0 2 4 6 8 10 12

MISSION TIME - MONTHS

REACTION CONTROL FUEL REQUIREMENT
LUNAR ORBITER SCIENTIFIC VEHICLE -- CASE I A

_GURE4.5.5.3

U3 4288 2000 REV. 3/64
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CASE IB MISSION

REACTION CON_ROL NI_ROG_ WEIGHT BUDGET

MISSION PHASE

PHOTOGRAPHIC MISSION

i'l31

7)
8)
9)
10)

Initial Acquisition
Translunar Coast

MidcourseManeuvers

(a) Ist Midcourse

(b) 2ridMidcourse

Initial0rbit Injection
Final Orbit XFR

Photo Maneuvers (12)

Photo Transmission (lO_s)

Lunar Orbit Coast (l? d_Ws)

CelestlalRe_cquisitio_
Disturbances

ii) R/C Cross Coupling
Photo Mission Total

EXTENDED MISSION

li! Lunar Orbit Coast
Celestial Reacquisition
Disturbances

(_) R/C Cross Coupling
Extended Mission Total

Reserve

TOTAL NI_ROGEN BUDGET

L_ .........

..... Ni_OGEN WEIGHT -LBS ' '
BASlCvEHI :m sci  nc

ITEM TOTAL
,, • |

.22

.06

.14

.18

.14

k.O0

4.02

1.98

i0.00

.O9
1.19
.68
.12
.Sh
.lh
.20

ITEM

1.79

.56

.19

Maneuver Rate = .ST deg/sec = (half nominal)

Maneuver Fuel - 1.3 x basic (inertia + rate efTect)

•57
.16

.18

.24

•18

.12

1.55
1.80
.31

l.lO

.70

.SZ

4.65
1.45
7._0

.50

7.g3

l_.O0

0

21.43

Other Fuel = 2.6 x basic (inertia effect)

Extend Mission Fuel = __l_'O0 = .0_ lb/day
335

Zx_ena Missis, = (Io.oo - 7._3) = 61 day,
.0_Z

Total Minis. = 91

FIGURE 4.5.5.4
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4.5.5 (continued)

In any case, if maneuver rates are preserved for this

configuration, extended lifetime capability would have

to be attained by a one-to-one exchange of experimental

payload for additional attitude control gas and tankage, be

exchange rate is approximately 3.5 pounds of experiment payload

per month of extended lifetime in excess of 1 month.

A preferable alternate approach to the problem of the

increased moments of inertia is to accept reduced maneuver

rates. _nis would eliminate the necessity for the control

system modifications discussed above but would require a change

in the closed loop electronics to accoaaodate the decreased rate.

The attitude control gas budget would be greatly improved by this

modification. For example, a reduction of the maneuver rates

by a factor of two would result in a 3-month extended life capability

with a total budget of i0 pounds of nitrogen. An attitude gas

budget under these ground rules is shown in Figure 4.5.5._ and

other budget distributions can be obtained by reference to

Figure 4.5.5.3. A reduction of the rates by an average factor

of 2.6 would yield the same lifetime capability as the present

configuration.

In order to capitalize on this possibility the mission design

would have to insure adequate time for performing the attitude

maneuver after the spacecraft emerges into sunlight if the

experiment orientation accuracy is critical. In the case of

the XB mission this does not present any problem inasmuch as

REV LTR
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4.5.5 (conti nued )

surface related experiments were executed. Generally it

would appear that times of 30-_O minutes can be achieved,

allowing a reduction of rates by at least a factor 2:1

relative to the current design, vith some care in mission

design. _his solution to the problem of attitude contrel

gas budget appears, therefore, to be very attractive for

configurations with high moments of inertia due to boom

deployment and increased weight.

The Case IIC configuration preserves the moments of inertia

of the standard cenfl_ration. The problem in this case is

the increased maneuver gas consumption due to the increased

number of maneuvers stipulated in this general reconnaissance

mission. The maneuver gee budgetir_ for this mission is ....

suzmmrized in Figure 4.5.5.5. It is to be noted that a budget

of only .55 pounds remains for extended lifetime. An additional

5.45 pounds of nitrogen would be required to provide for an

extended lifetime of one year ana a reserve oz" _ pounds. 'ms

can De assured by addltlonaA allowance of 14.3 pounds of nitrogen

and tankage which is feasible in the Case YTC configuration since

a 21 pound total weight margin was found to be available in this

case. q_e requirement for additional nitrogen would be achieved

by addition of manifolded tanks rather than an increase in the

size of the present tank because of volume limitations at the

present tank location.
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CASE £IC MISSION

REACTION CON'H{OL NIqI_OG_ WEIGHT BUDGET

Np WT. LB_]
" BASIC VEIIICLE

MISSION PI_%SE ........
, ,r

PHOqXZXARAPIIIC MISSION '.

(1) Initial AcquisitiOn
_Tanslunar Coast

Mideourse Maneuvers

}_I 1st Ml(leo"rse2nd Midcourse

Initial Orbit Injection

Final Orbit XFW

Photo Maneuvers (_)

Photo Transmission

Lunar Orbit Coast

Celestial Reacqulsition
Disturbances

R/C Cross Coupling

Mission Total

9,1iO
llll

Pl_oto

Reserve

TOTAL NI'IROGE_ BUI}C,_£

,mTAn_

.22

.06

•lh

.18

.14

.09
5.28
1.89
.27
.8_
.i_
.20

9.1_5

0.55

10.00

FIGURE 4.5.5.5
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B-r

C'x'_cct±vcz: Dct_:'__in_the presence an_ relative abundances of

natu_-al lone-lined tradioisotoI.as such as _otassi_,:-_:O, thoriua, and urani_a

_..,._induced r.-,dioisotop_ on _-_ a-n-fac_ of .h_ moon.

Scientific si(:nificancq: Info_n'._ationobtained can be com}arcd vlth
I::cL_ rcla'cive ab,_-ndanceof natural raC__OisotD_zs on t!-e earth to obtain

_l,:iltional clue's to the origin and histo:7_ of th _-r.ooa and the solar system.

"rn£_uccd:-adioisoto!_ information _ill indicate some of the elcm_-mts on the

__.OO._.

A_ro:'.ch: Use is made of a scintillator Gaztw_ ray sensoy multi-

c::a:;u_-.],pu lae h_ight analyzer to obtain a m_asure of the fl_x an_ energy
_,_,,_.u_.vn of __..,, ._.y. from the _con _hlch can _c __-_......j......._,-'_"_: _e_.y

d_vc!opcd analytical computer r;_-ogroz:sto ide_ti__y the clc_.;cntsomitting
tha g_',,_'__.ay_ and their" relative abundances.

ReQuit _'.,uents:

a. To mlnim!z_ ths background g_a rays from the spacmcraft,

the ga._:znaray sensor needs to be mounted at the end of a boom of as long a

lcnqth ac is practicable.

b. Ide_D_ly th_ aDcrture of the gamma ray sensor, should be

_,ilcwcd to look in th_ direction of the lunar surface at all times.

P_rtial vic_zin_ of tha lunar surface as the suacecra_t o_.bits the moon

iz acceptable .'

c. Simca variations of tha gc_n:a rays _ll result from varylnz

concentrations of th_ radioactive elemcnts over tha surface of th_ moon, it

_a dc:_i:-ablcthat the r_:eastu-emcntsbc :_mdc vlth t_ sensor a_ a z,_arly fixad

d_tancc frcn the lunar st_face to avoid _he Intrcductlon of an ambiguity due

to the variation of C_ma ray i._.tensity_th dis%anee _#_m the moon's surface.

Z(L_ally, a near ci_-cular orbit is r_quired.

Ucight - 28 Ibs.
_o.cr - _ _.D.t_

_'_"__ 850 cu. in.
Izfo_:ation r--to - 500 bits/see.

.o. ",'", ""_" "_"c_'_ " ,_,' "_

Objectives:

a. Map lateral variations of the _Eon's surface temloerat_re and

sub-face temp_rattu'_ gradients across terminator.

b. Providm Infol_.ation about existence and distri_=_iom of minerals

On "_h_ moo_l_s surface.



B 2

...._..t..__.sir:nificance: _ ....._.ouo_.?ledseaoout the ths_=:al propcr-
tte_ a:d c_:._Z.o:_i_ionof mazcria! on _ur-,_aceof _noon. info:m_tion can b_

d±_-cctly correlated with pict,arcs of rcgion_ scamz._d.

A_v_roach: Uze can bc made of an inf_-arcd cr,_.timgs_cctremctcr to
,;ca-,',a br$ca "o_ud of L,t_!cm_.._ lCCriodic_]_.l....._ a high _ato. The al:Cr-
"GI_DC:O_ _l._"""........_'"_ ,.H'1"I O!"...._..-'_ ..... encompass a finite area _he lunar sub.face.

a. 03¢_'eal axis should be _thin + i0 degrees of the loe_l ver-
$1cal when measu_cment_ are made.

b. Inztr_.:_nt should have unobstructed view of the moon.

c. InstLn2:,cntmu_t be _h___cua from th_ sun and i_olated thermally
_c,_ as possible.

d. Near cizcular orbit desired.

e. If vi_ualobsc_,ations are not feasible to obtain at S_.e

tL,._, orbit iaclination should be selected to inz_ sco_mins of region photo-
Cr;d,hcd and mu!_d p_viously x_ith pL_tographic Crbiters.

" ":;"'"""" 4. lbs.
)'.:;LJ_r- 8 _L'ttts

i:._br.qation rate - _50 bits/see.

"_ BI-STATXC P_II_R EX_ER_,_II_

Ob,1,-_ci,ives: Determine average rada[- crozz..zection_ surface roughness

ccr:cc]J_ioa ":unctionz, altitude z:eaz'arememts, rcflcctivlty_ and dielectric
i;'.-oi;crtie_of the lunar sur'_a_e.

A,_;ro:_ch: T_e spacecra_t carries raS,ar receivers to detect radar

_,!,..........,-__"a_rcc_!y transmitted z_-om high power radar transmitters on the carSh_
=:,:_hc r:-.f,_:,r_;iGnals from these s_me tran_mitters a_er re'_lection at the

_ur:2

i_:mx_r:_,uehts: The spacecra'>t configuration and attitude should allow

,,,: t2:_ mo'_,_.ti.2_of the specified receivir_z antennas to provide for opt':_um
_ ,u_c._ of the signals.

!'_':iL-;ht -- 5 ibz.
!-c_:ur- 2 _:atts_

Vo_._u_._- lO0 cu. in.

i..formation rate - 2 KC

20 eps, SCO

SCO
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_lectives:

a. Invoztlgat_ the distribution an_ d_termin_ the flux, _z_cnt'um,
_..n_ cnor_y of mic_omctcoroid3.

b. D_tc_4ne the presence of lunar ejecta_artlcles.

Aonro=ch: l_crometeorold sensors will be used ¢o measure the flux_

_tcncnt'_u,an_ enercy of lmr_Icle incident from several dlrec_ions.

R_c_remeuZs: Unobstructed vie_n_ in direction to_ moon, radially

_:_.y fzomn_, b and at rlght angles to the normal to the moon's surface.

'_:oi,;ht- 27 lbs. (3 a_rayc)

:_o::_r- 1.5 watts

i'ol,_.ta- 8" x 12"/array (_ arrays)

Xnfo_.atlon rate - 200 bits/min.

5- SOL_9 PZ,!S:._E._-_RD_I_

Ob,loetive- Study s_atlal and t_mporal variation of the flux and

energy dlntrlbution of the low energy protons and electrons of the l_lasma.
#

A._nrcach: Charged particle electrostatic analyzer or multi-_rid

fa--_adaycu_s _nay b_ employed as sensors.

Eco'_,_.rmzentz: Sp.!nuimG vehicle desirable to _rovlde full 360° s_:ee_.

If stabillzod non-splnner is usmd, siA_cecra_ needs to accommodate several

idontical zeasors, on_ oriented alon_ the lunar radius vector lookim_ to_ar_

lunar" su_face_ another loo.klns aloz_ opposite direction. One or more detectors
at zcveral angles to lunar radius vector are _Irahle.

_:oisht - 12 lbs.
Pod:or - 8 watts '

Vol_n_ - _00 cu. in.

iufozr_tion "_-ate- 500 blts/sec., Sample rate - 0.09 sac.

6. I.I_G!,_TiCFIELD _ERLV_h_

Ob._ectlve: InvestiGate magnetic field Invlclnlty of the moon.

A_roach: Utilize one or more magnetometers _omoasure the intensity

and direction of the mazaetlc field.

Recuirements:

a. )Iou_tin_ of m_gnetometers'at end of boom soon a_er Injection.

",t% ....

l

b,

.:%

m- oo369- 
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b. I.'acnc_ic_!ly clean s_acecra_ to $n_ure field of one g_mna

=_ ___t_..c_ of 20 feet _rom spacecr=_.

•"_ -:'_ !2 lbs.

• T. "I ..,r,,,__., _ - "600 CU. In.

infor:._acicn ra_e - lO0 bit=/sec.

7. PI_OTOZ,_//TRY/COLr_R_,_TRY E.XPF_R_,ZI_

Objectives: Determln_ varia_io_ oZ the _hotomet_Ic function" a_ color

of lun_.r surface _%terial.

.._ .._: ..... __c significance: Provide additional information about _ho

.........LA -_,..._te_z_urc of the uI_SCr most layer of surface zaterial .. _;ell as

_c relative _eo.... Of. overlyinz material.

._oin_o,_h. Usa of l_hotometer and a color wheel photosemsi_ _evice.

Correlate izfo'_cation _rith photographs of areas investlga_ed.

Rc ouire_.uents:

a. Sensors should look to_mrd lunar surface.

b. S_nsors should b_ shielde_ from direct ami reflected sunlight.

!_eickh -. 4 los.

]?owcr - 4 uatts

1:b!_c - 200 cu. in.

_n_'o_atioa rate - 500 bits/s_c.

8. ,_-A_Z FLU0.qESCENCE Ek%_m_RE,_

Ob._cctives:

lunar sur ;ace.

DeSert the relative abttudance of iron and nickel on the

AD-oroach: ];Use is made of proDoz_ciomal counters to monitor the X-ray
• / ,__-e sun which excites the iron and nickel atoms and to detect

tD._ X-"ay fluorescence from the ltmar sua-faca. The slgzmls are processed by

a _..tul_i-cha_ael pulse height analyzer.

_'i_,.q"<','_"_,._nts: T_;o proDortiomal counters must be mounted so _hat one

is lool_i_g c-_ _he nun when the ot:_er is looking toward the moon.

_"_ 'ht 18 lbs.

Pod:or - 2 _za_ts

Vol_?.o - 640 cu. in.

_nfor_uation rate - 250 bits/see.

54,000 bits/see.

D_-1OO369-1
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Ob._oc_ivms: ._tezui_e lunar s_face _herma_ gradients.

Scientific significance: _r_m a measur_ of teml_-atu_e _ra_ents

obt_in_._.

/._--oach: _to or more microwave radiometers operating a_ _sc_e_

,_.lU_nc-_s monitor the intensi_y of _he signals. _hose s_g_s O_inat_
at di<'fcr_nt depths beneath the surface _her_by giv_ an i_1.eati@a Of _he
_,:J.,_..._ure as a Ik_uctlon of depth.

._ ......_. T_ antennas of _he rail.meters _mld be _m_ed _n
_.-_ dircct_oa of the lunar sur'_ac_.

Ucizh_ - 6 lbs.

'._._.._ - 500 cu in.
"_n'.'or_at!onrate - 500 bits/sec.

10. SZ_NODESY Z_ER11._l_

Ob._cctive: Determine the shape or figur_ of the moon, the dls_ribut$on

o!'z_a_s _;it_hin "_hcmoon, an_ tb_ gravitational field of the moon.

A'ooroach: Use is made of the very accurate range an_ ram_e-ra_

......._ _c_n_-"_"d_._ to dete_.-mlnethe short and long _rlod _erturbatlons in 1_h_.

orbi'_al elements of a Lunar Orbiter. Use is made of sophls_Icate_ co_r

pz-o,grc_T,sto obtain _h_ desired information..

Ra qlli%".meD.'hS:

a. No si_cla_ instruments or has, ware are re_d.

b. Oi-blts should be elliptical (a._proxlmate_y .i _o .2 eccen-

___-, _y) and have inclination angles coverlnE a range _ about 20° to
v ° :._,_,_ cm',}hasison 300 to 60° inclinations.

c. Tracl_Lmg for 2 to 3 orbits _er day is re%uired durlnS _he
.¢,... • _ .'°_._ ._ ;nonth after injection of the spacecra1_ into orbi$ about the moon.

,_i"_crthis initial p_riod, the trackin_ cycle will be 2 _o 3 orbits twice

a _:ceh @arizS the remainder of the active lifetime of the s];m_e_a_.

W_!gk'_ - none
Pover - none

' Vo]Au::e - nom_

z. "".

°
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A. Title:

B. ObJectLve:

C.

Gamma Ray Spectrometer

D,

To determine the elemental composltiom of the lunar

surface by analysing the gamma ray spectrum emanating

from the lunar surface.

Functional Description:

Several attempts have been made to predict the nature

of the nuclear-radiation emanating from the lunar surface.

Crude calculations have been mace of the flux and spec-

trum of the gamma radiation from natur_l and induced

radiation assuming various models. Although none of

these predictions suggest high radiation levels, it is

conceivable that this radiation may give an early clue

as to the elemental composition of the lunar surface,

the extent of differentiatIJn which may take place in

the evoluti(_n of the moon. If sufficient radiation exists

a crude mapping of the elemental composlti n and a crude

mapping of the ages of various lunar features may be possible.

It would seem that this experiment might consist of an

exploratory phase (one flight) to see if a sufficient level

is present for pulse heLght analysis and subsequent flights

of more sophisticated apparatus if such is the cmse.

Functional Elements:

i. Sensor: Scintillation counter with phoswitch, anti-

coincident or pulse shape d scrimlnation.

2. Electronics: Power supplies, amplifiers and pulse

helght analyser.

I_-IOO369-i
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E,

Fe

Mlsston Requirements:

i.

.

3.

Circular, polar low altitude orbit stability

i° i sec

Continuous for one month duration

No solar illumination constraints

& 5 See E.I

6. Correlation with high energy solar particle events

Experimental Parameters

i. Measure gamma ray spectrum

2. Gamma ray counter efficiency

1 for .l( E_ _lO Mev

3. See E.2

h. Frequency Response

5. Power Requirements _4 watts

6. Environmental Requirements

a. Sensor: Constant Temperature

Somewhere between - 20°and + 20 o C

b. Electronics: 0° C to 50° C

7. Mounting Requirements:

It would appear that gamma ray background induced

by vehicle is negligible for galactic background.

Solar particle events will cause serious problems.

However, it is not apparent that a boom is required,

except for possible desire for orienting detector

toward moon.

I_-ioo369-1
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9.

Underestimated-view of lunar surface
i

• f ;

Fhyslcal Deminlions

a) Sensor: 6" _la. x 12" lon6

b) Electrons: 6!' x 4" x _"

Sensor and Electronics may' be |eparated

I0 poumdm
/

8 pounds

Data rate: 500 wts/sec

,!
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Title, Intr Exper sont

ObjectSve:

)

F_n.cCional _e_crl_t$on,

a) Hechan$caA_ ao_ e_ aeann_a_ m_Irror p_o_eete _a_ra_e_ _La-

tlon from succee_Ave po_nte on _he $une_ _f&ce eato •

radiation eoole¢ r_d_ommter vhl©h _ae_eu_ee tim _ner_ _th

lengthe pr1_ril¥ :Ln t_e vleAnAtj- of k mAe_o_e. Hirer le_ _e

in one direction, pe_endLeuS.u? te motion oi' a_telA_e,

covering a contAnuous b_nd around _he moan.

,e
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_e Mission Requirements :

1. _xperiment Attitudes _Id Stability: sensor must point to

lunar surface. S_lar _o _h,tographic mission but

stability tolerance is probably less strip,gent.

2. hxperiment tim_ d_ration:

a) ,hxperiment is useful at any tinle, d_ or nightside, but

particularly of concern near the tem_inator.

b) Lifetime requirement: as long as possible until

complete lunar coverage is obtained

3. Solar illumination constraints: none except as noted under

(2.) above.

4. _ltitude constraints: as low as feasible.

5. Inclination constraints: nose. pol_r orbit needed for

full lunar i coverage.

6. Correlation _ith other e_periu_nts, borrelations with medium

resolution camera is required of _ la electrom4_netic spectrum

sensors unless the vehicle ephemeris ans poinbing can be

known accurately enough uo match pJints on the lunar surface

with maps and photographs from other missions.

F. ,Experimental Parameters:

1 • Measurements

_e

•

a)

b)

Sensitivity a) 1° K

b) 2 x i0-7 watts cm -2 micron _i

Dynamic range

Radiance at 3-4 nicrons as f(t) during scan

Spectral radiance during spectrH,iLsca_l of fixed point.

o
a) 15o-_,.50 K

-2 -1b) 2 x lO-7 to I0-4 watts _ micron

4. Frequency response

a) 200 cps

b) wavelength:

5. Input power required 15 w

6. Environmental requirements:

a)

b)

20 to 15 microns

Sensor - free space (radiation cooling provided)

electronics - free space
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7. _,ounting requirements, sensor on surface - looking face

of vehicle.

_. Unobstructed field of view requirements: __ 45° f,_m nadir

9. •Physical _Imenslons

a) sensor: 12" x 12" x 12", 18 lbs

b) electronics and recorder: &" x6: x 8", 5 Ibs

i0. Sensor and electronic separability- satiafactmry

ii. Output requirements

a) Data processing and coniitioning - self-contained
-I

b) Data rate: iAOO bius sec

c) Data storage requirement s: recorder included



--- T ...... .

Clear radiation path

To deepspace

I

i

Interferometer and _"
_diomet er Electronic_/[_

i

Look direction ._ "

\

z1"

z

Sun

De-lO0369-1



Title: Solar Plamaa

Objective : To quantitatively measure the enerFJ, flux, direction, and time

variation of the solar plasma in the vicinity of the moon.

Functional Description:

Considerable evidence exists tod_y that there is a flow of

electrons, protons and alpha particles outward from the sun

known as the solar wind. It is known that the flu of protons

is between 107 - 109p cm-2sec -I with energies in the 1 - i0

key range. The flux and energy are functions of solar activity.

Less is known about the electrons of the plasma and it has been

speculated that alpha particles are present in the wind. Much

of these data about the undisturbed solar wind has been obtained

from plasma probes on Mariner II and Explorer XVIII (IMP).

From measurements on IMP and various Discoverers, the results of

the interaotion of this wind with the geomagnetic field have

been partiall_ determined. Evidence of a similar interaction of

the wind with the moon |us been suggested b_ mlasurements on

IMP in which a perturbed magnetic field has been usoclatez_ with

a "lunar wake ."

Plasma probes aboard the Lunar Orbiter will expand our information

about the solar plasma, particularly in terms of particle nature,

energy spectrum anm direction. In addition, the nature of the

interaction of the solar wind and the moon wail be investigated.

This information correlated with magnetic field measurements

will establish the magnitude and nature of the lunar magnetic field.

Functional Elements:

i. Sensor: Plasma cups (three or four)

m-loo369-z



2. Electronics: a) Modulator grid power supply

oscillator, modulator high voltage supply

b) Timer, sequencer and encoder

i

P

I E.

!

[

i

i

Fe

_,ission Requirements

i, Experiment attitude "and stability

less than 1° end i°/second

2. Experiment time duration

continuous, one to three months

3. No solar illumination cormtraints--one solar plasma detector

mounted so that it faces the sun direction

_. Elliptical orbit; say perigee at _0 n. ml. and apogee equal to

perigee of anchored IMP. Primary interest in equatorial or low

inclination orbit; secondarily in polar or hig_ inclination orbit.

7. Correlate with magnetic field experiments and high energy

particle experiments

Experimental Parameters:

i. Proton, electron and alpha particle flux, energy spectrum,

and direction.

32 energy bands, over energy range of 30 - lO, UO0 electron voltse

3. Particle flux range i0_ - I0IO partielee/(cm 2 sec.)

_. Frequency response ?

5. _ watts power

6. Environmental response

a) sensor temp. IOO° C

b) electronics 0° temp 50O C

7 • Mounting Requirement s

a) one sensor pointed toward sun direction

two sensors _0° frou sun _irec_ion in opposite di_ctlon

(180°). Must be outside thermal shroud.

b) electronics on vehicle base plate

8. Unobstructed field of view

_. Physical Dimensions

a) sensor 2 pounds each 6" diameter _" deep

b) electronics 5 pounds 6" x 6" x 6"



i0.

ii.

•=. : ¸_i̧

_ i ¸J

Sensor and electronics m_y be separated by several f_t b_t

w_i require hlgh-froquency coaxial cabling

Output Roquirwnont s

Storage would be required for time behind moon. During scan, 32

chazmels per minute (each sensor sanlpled sequentially) with

16 increments per channel give _ bit rate of 128 bits per minute.

L• ,.
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Magnetic Field Measurements

Objective: Measure the magnitude and direction of the lunar magnetic field.

Functional Description:

Recent measurements made with magnetometers on Explorer XVIII

(IMP) have mapped the interplanetary magnetic field and have

defined the magnetohydrod_c shock wave of the Earth and

its magnetosphere. In addition, some observations have been

interpreted_ indicate a magnetohydrod_c wake of the moon.

The implication of this wake is a pos_iblem_gne%ic field of

the moon. The question of whether this 18 an intrinsic or an

induced m_gnetle field has not been answered theoretical_

or exper_aentally. So far, the direct me_eureswntsmade by

Lunic II indicate that the field, if it exists, is less than

30 ga_,_s at _5 km from the lunar surface.

Since the interplanetary field is assumed to be in the order of

2-_ gammas in magnitude in the vicinity of the moon with a

direction aoprox_tel_ 5° - lO° from the sun line, a vector magneto-

meter having a sensitivity in t he range of i - i00 gamma _uld be

appropriate for the Lunar Orbiter ( min. altitude = AOn. ml.)

A significant observation to be made, in addition to the magnitude

and direction of the lunar field, is a surve_ for possible tur-

bulent fields of the "lunar wake" and the interaction of the

earth wake with the lunar magnetic field. The latter two measure-

ments require appropriate orbital considerations. The significant

requirement for all the magnetic meaaareaents is that the

magnetometer be i_olated from vehicle-lr_uced fields. Thle

requirement puts an upper l£_It on the vehicle-ln@_cad field

of _bout 1-2 _a at the location of the ma_netcueter and, in

turn, aeverel_ restricts venlcle design, manufacturm, and payload.

i i
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De Functional Elements:

I. Sensor: Helium vapor magnetometer (Mariner IV) measuring

Bx, By and Bz.

2. Electronics: current supply Sot coils, sequencer, amplifier,

_nd 50 Me RF oscillator.

Ee Mission Requirement s :

i. Know the orientation of vehicle within + 1° and be

stabilized to l°/sec

2. Continuous, one to three months

3. No solar illumination constraints

_. Prefer elliptic orbit : _O nautical miles perigee to apogee

equal to perigee of anchored IMP. First equatorial or

lower inclination orbit, then solar high inclination orbit.

5. _orrelate with plasma experiment.

6. Magnetic field backEround (vehicle) less than a few gamma

(i gamma (_')-10 -5 gauss); see experiment functional

description for interplanetary f ield.

Fe Experimental Parameters:

i. Measurements of magnetic field in three perpendicular axes.

2. Sensitivity: + .5_"

3. Dynamic range : 0- 200

A. Frequency response ?

5. Power input 7 watts

6. Environmental requirements

sensor _ electronics -20 to 55° C

7. Mounting Requirements

The mounting requirements (length of boom) will depend on

the magnetic field of the spacecraft. Since the spacecraft "was

not designed for conductin_ magnetic field measurements,

it is very likely that such measurements cannot be carried

out on the spacecraft; i.e., the boom may exceed space

system capabilities.

De-iOO369-i



8. No field of view requirsm_ts

9. Physical Dimension

sensor and electronics 15U cubic inches

weight 7.._ pound.s

i0. Sensor and electronic separability not desirable

Ii. Output requirements

data rate _/30 bit s/second

with storage for time oehind moon
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7. _'\

Title :

Objective:

X-RayFluorescence

To measure the 2;1 and Fe content o£ the lunar surface.

Functional Description:

There is a possibility of detecting the _,resence of exposed i_on

and nickel minerals on the lunar surfac,: throu6h laeasu,'eme_s of

solar-X-ray-induced k-ra_ fluorescence. Con:_iderable inlormation

on the fluorescence of various minerals has be_n obtained in the

laboratury. The K, L, and h shell series have been measured for

iron and nickel. Tb_ _,:_m X-ray emission by the sun uurin_

disturbed periods suggests that detection of X-ray fluorescence

of the lunar surface is feasible. ;_ study wi//. be required to

determine t_le frequency ranges excited by t l_e solar X-rajs.

Two detectors would be required to carz7 out this experiment' One,

monitoring the sunj ,.easures the intensity and frequencies imp_ging

on the lunar surface; and a second measures the intensity, frequency_

and location of induced radiation m_t_lating from _he lunar surface.

_kmctional Elements:

le Sensors:

One sensor geiger counter operatin_ in proportional region to

monitor solar X-ra_ suectrum. One or more sensors to analyze

X-ray spectrum from lunar surface. A'he sensor(s) lookinA_ at

lunar surface should consist of a set o1" slits, a crystal, and

a _eiger counter operating in the prooortion_l region.

Elect ronic s :

High voltage regulated power supply _iifiers and _ul_e height

amplifiers.

me Mission iequirmments:

i. Circular orbits at low altitudes ana _t low inclin_,uions.

2_

Stability ._i degree/sec. (?)

Continuous so that background (commie radiation

sources) could De deter_Lued.

ant other noise

D -1OO369-I
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5.

6.

Solar illumination required during measurements.

See E. i.

See E. 1.

Could be correlated with _ich e_er_" pa_icie experiment.

Fe E_per_aental Parameters :

i. Measure incident and reflected X-ray spectra.

2. Sensitivity ? depends on outcome oi" studj.

3. Dynamic range: K, L, & h series ior _i and Fe-_O.b to _O _ev

&. Frequency response: _Jl to 20 _ (waw]ength response)

5. Power requlrements: _5 watts

6. Environmental requirements

sensors:

a) sun raonitor: O°C _T _lOO°C

b) X-ray spectrum analyser: 20°C + 5°C

c) electronics: O°C <T _5O °

7. Mounting

a) Solar monitor looking it, sun direction

b) _pectrum analyser looking at moon

8. Undisturbed view of moon and sun

9. Physical Dimensions

a) Sun monitor:2" dia., 6" long, I pound

b) X-ray spectrum analyser: 300 cubic inches, iO pounds

c) Electronics: 250 cubic inches, 5 _o_Ands

i0. Sensor and electronics separability: Solar monitor car. oe

separated from X-ray spectrum analyse_ and each fI_:, the

electronics but _algh voltage cable must De provided _o e_ch.

ll. Output requirements :

data rate: 250 bits/sec Co 5A, OO0 0it_/sec.

Data rate behind moon will be less :_a stora_ required _nly

for this amount.
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A_ Tit]e:

_, !D_ctive:

Microwave Radiometry of Lunar Surface

Determine temDeratures at various depths by use of different

microwave frequencies

?_ct_ _nal Description:
Several experJ_nentshave detected various long-wave-length

r_!!ation frc_ the moon. These _,_asurementsprovide someidea

of the thermal gradient below the surface.

_h-tenslon of these measure_nents to frequencies which cannot be

u_ed for earth-based experiments because of atmospheric absorption

and scattering should be conducted on the Lunar Orbiter. Such

measurements along with the greater accuracy allowec by the

proximity to the lunar surface should provide the basis for a

better underst_.ding of the thermal gradient and its time

v ari at ion.

The power radiated from the moon depends on its temperature and

emissivity. The temperature, measured when an anterLne !o_

into a semdtr_i_n_parent and lossy medium, will be dete_Lued by

the temperature at approximately one skin depth below the sur-

face. Thus, a measurement of temperature at different microwave

frequencies can give the temperature at varying depths near the

lunar surface since the skin depth is inversely proportional to

the square root of the frequency.

A crystal vldeo-type receiver with the standard Dicke comparison

radiometer circuit was flown on Mariner 2. This radiometer

operated at two wavelengths of 13.5 and 19 ms, chosen because of

expected transparency or opacity of the Venusian atmosphere.

A parabolic antenna of A8.5 cm (19") diameter was required to

obtain the desired resolution of Venus from the expected miss dis-

tance of the order of 10,OOO to 30,000 ml. A somewhat similar system

is appropriate for the Lunar Orbiter. A wider survey of fre-

quencies is desirable, but less angular resolution is necessary

because the LO will be much closer to the surface. Thus, center

m-ioo36 i
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frequencies of 3 m_ , 1 cm, and 3 cm would be choss_ with

either 3 mm and 1 cm or 1 cm and 3 c_ on any one vehicle.

The emission at these frequencies will be picked up with a

iO-inch parabolic antenna and converted to temperature with a

Dicks radiometer. Heference horns looking aC free space will

provide a calibration signal. The system assign ibllowe the

Mariner 2 experiment with appropriate modifications for

change of frequency and angular resolution.

D. Functional Elements,

i. Scanning parabolic antenna

2. Reference horn antenna

3. Receiver (crystal or superhet with kl_stron local oscillator)

. Dicke radiometer

5. Power supply and servo control

E. Mission Requirements"

i. Scanning parabola must see moon over illumination angles

from vertical through terminator into dark side.

2. Parabola located on moon aide of LO over reasonable fraction

orbit

3. Stability 1° over periods of _AO sec.

A. Experiment senses over _125 ° arc per orbit

= I_ O N35% of time

5. Lifetime r._l month

6. Altitude _ 1OO mi. desirable

7. Inclination - Polar or high latitude eventually provides

more information

8. Correlate with other mapping expe_in_nts

optical, X-ray, IR, etc.

F. Experimental Parameters:

i. Measure temperature

Power received by antenna
Ta k Af

where k = Boltz_ann constant

_f - receiver bandwidth
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2. Sensitivity at various positions and look angles

T +T
a r

6T =C

where C = constant of order of unity

B = predetection bandwidth _i0 V c.p.s.

q_= receiver post detection averaging time _AO _ec.

T = inherent noise of receiver
r

Typically, Tr> > Ta. N_mce

6T _i0 ° is to be e_pected

6.

.

Dynamic range

T from iO0 ° K to 400 ° K
a

Frequency response?

Pwr. requirements. Avg. 4 watts. Peak 9 watts.

Environmental requirements

Temp _65 ° C for electronics

Avoid meteoroid penetration of antenna

Mounting

Antenna located so that with i25 ° scan i_ cm_ s_e the

moon as much as possible

Field of view ,'.-'60 x 6° for 3 cm cn::nnsl..... 6° x 0.6 ° for

3 mm channel

Physical dimensions

Parabolic _itenna

Horns

25 cm diameter, _5 cm deep,

(io,,) (.::,,)

_3 x iC cm aperture iC cm long
(i.j,'x 4") (4")

Electronics volume "_i/3 ft3

Total weight _20 Ib

Detector should be _,_ountednear anLerma for rain. loss

Output data rate /_, bits >: 6 measul _ments ,_0._ bit_,"sec
measurement mh.n.

(* position * _n_e data)
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A. Experiment:

MICR_._EOROID _<PERiME/_

B. E:(perimen_ Objectives:

i.

Co

Do

o

To Inw_s%igate basic ch_ractcrlstics of cis-lttnar and nes_-l_nmr

meteoroids such as ,mass, s_acial and t_nperal variances in particle

flux and the ma_s, moment'_m and velo_ity of the incident particles,

To determine the presence and the above-named properties of lunar

ejecta particles.

Experiment Functional Description

}>article sensors will be used to measure v_rlous properties of

impacting particles. _ta l'ron these sensors will include particle

velocities and the m_nber of particles encountered having m_nenta

larger than certain threshold levels. Tl_s information will be

combined with data descr_blng the loc_tlon and orlentatlon of _he

spacecraft to construct mo_els o_" thu ,meteoroid environment.

Experiment Fu_ctlonal m_ements:

i. Sensor

The sensor coIl3ists of uhI'9_ detector arrays, one dlrected towards

the lunar surface, one viewing radia//y away from the moon, and the

third pointed at ri_nt angles to the surface normal. 'Each array

consists of two in,iependent detecting areas as shown in Fismre l.

(_c, a standard acoustic impact detector, has a 2_T steradlaa _ew

of space and is uscd to de_erminc the _anl-directlonal i'lux of

partlcl_s from the hemisphere It is sensing. Tae detector conslsZs

of a metallic Impact or sounding board with a 2i._oelec_ric transducer

mounted on the farslde. The transducer is acoustically tuned to %he

mechanics/ vibrations induced in the plate during impact.

J
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7he second dctector of eacL ,_rrm@" -.onsists o£ a thin fotl laminat,.,

spao:d sev::rnl lnch.:.J in _ront of another soundin_ boai'd,.an_ Is

used re. measure particle velociti-.:_. Aver_Ee particle velocltlcs exe.

det_-rm,i:,,:dty r.easurln4 the time between particle penetratlom of

the fell and Impact with the shielded sou_dlng board. Pe_tratlons

of the fell are detcrmln.-d either by det,:ctln_, the light flssh

produced dttrln_ penetration or by chtlr61n _ the fell electrlcltlly as

a capacitor and then s,.*nsln6 its _msmentary dlscbarge at the time

of penetration. For tbo di:.-nsions shown in FIEure i, the maximum

error in velocity measurement due to the particle fllght _ath not _

heln_'_ parallel to the _ .'nsor axis will be lb. 3 percent. However,

assuminc, no perferr,:d w_rtlele so._rcu direction and that the particle

passes throuch %he sensor entrance alnaow, over 7_J percent of the

Im_,actlng p:_rticl_.s ",'i_i h_ve a flie'_t i)nth equal to or within the

median of t}'0:mr×i_,n vlewin6 an61e. Tht v.-.loelty error associated

with these p,Lrtlcles rill t_ 3.6 i,er'_t or les_; for 9u percent

of the imiJactir_j pc_rtt_l_.s the flicht path error viii be les_ than I0

percent.

Electronics

The electror, Jcs for each impact detector channel will consist of

one signal-co,_dltioni._, amplifier and one or two mouostable mttlti-

vibrators and storage counters. Different detector sensitivity

thresholds _e obtained from various l_vel._ of am;,llflc_tlon within

the amplifier. The tu_shlelded detectors will require two counters,

" one with a minimum capacity of 512 counts for hlc_ sensitivity,

the o_;her with a capacity of 256 counts. The shield Imp;act plates

Of the velocity detectors will n,:ed only one counter with approximately

m-mo 69-z
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I,C8 co,:nt capacity due to its reduced sensitivity and vlewin 6 angle.

However, a cou_ter vill also be required to record the number of

i_enetrations oi" the thin foil. Since this element will be p_netrated

by many smaller particles, the count storage for this sensing

,:lement will have to be larger, on the order of 4098 counts. The

clrcultry for thiz senzor will also in-_lude an amplifier and mono-

stable multivibrator for each channel.

_°

Velocity measurement3 _:re accomplished by gatln6 the output of a

5-10 m ._ oscillator to a co anter; the count is Initiated by a signal

from the foil penetration and stop_ed by a signal from the Impac_

plato or a limiting tim_:r in case the pua_ticle does not reach the

plate. The method el" data storage will depend upon the. type of

velocity data de&ired. The average v,:locity of all particles can oe

obtained from a counter that simply su_.s the output of the I0 mc

counter, ellmlhatln6, of course, the spurious da_a fr_n [..articles

that puncture the foil but do no't impact the plate. A more icEical

and perhaps the mos_ practical method would be to divide the expected

velocity range into s,_.verBd regions and record the number of I)_rticles

l'or each velocity ran_;e. _"_lls technique will require one counter

for each e_)ectcd range. The ultimate would bu to record %he velocity

of each individual particle, a technique that _L,uid require the u_,!_

o:" a large storage cot's or a tape recorder. However, £f data on the

_pac_lai distribution of meteoroids _re to be _athere,_, _hls last

method will be necessary.

Mis._ion Rcquirem,:nts :

i. Experiment Attitude and StabiliLy:

This cxper_nent is not crltic_ily sensitive to _pacecraft attitude;

one axis oi' the craft must be pointed at _he luug_r suTface.

m-IOO369-i
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2. E,,periment Time Duration:

_.hls c_perincnt will oi',erate continuously throughout _he llte of the

_pmceeraft.

3. ?x)lar Illumlnn¢ion Constr,%luts:

Non-_

_. Altitude Constraints:

r;one

5. Tncllnation Constraint'a :

6. .;orr_lution R,:4uar,,men_s with oth._r cx_erlm,_.nt_:

Th.: locati_n and orlen_tlon of %he -_acccraft will have to be known

a,'_,_recordc,] at t_,: ti;a,_,oi' cac], i1::i,acti: Informntlon on the spscial

di_+ta'i_uCJon of the T.,Irtlcles is _o bc detcruined.

Zxperl'nunt I aramctcrn

i. Mensuremc:=t s :

a. q_ne number o:' p&rtlcles encountered having, momental above a
e

c.rtain threshold value.

b. The avera6e v;loclty oI" a _or_ion of the particles encountered.

S,;nsitlvlty:

a. Mom,:nta- I.,_, L, ", and cJ.l dyne-see.

b. Veloc! ty

_%_xim_. error c} 36, k_/aec - 15_

•7;_ probability error ? 30 kin/see : _+_

•90 probability error @ 3() kin/see : i_

Dyu_ni c _ar_e:

Not applicable
%

Frequency, Respon3e :

Velocl_y Measurement will requlre a I0 mc cou_er.

2_
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_. t'o'de r input:

lmvac:_ L_:tectors - d channels ,_ _50 row/channel - 1.5 watt8

VelocLty :!,*asurerucnt -

f'hoto:;ensors - 5 channel_ _. 1.25 w/channel - 3.75

Capucltor - 3 channels t 500 mw/channel - 1.5 watts

Tape Recorder 0.7 watts

Total Sy_t(nu .,.' _" tO 6.O watts

/,. Env_ ro_ment_l Reqaire:nents :

a. 3,:nsor: - 50° F to 250 ° F

b. Electronics: 15 ° F to I:<90 L

7. .Mounting Requir.:m,_nt _ :

A_:oustic isolation from spacccrai't

_. Unob3truct._,d Field of View Re_ulrements:

Homlnal 211" s_cradian unobstructed view in each of three directions.

9. Physical Dimcnslons:

a • f_,nsor :

3 arrays:. 8" x 8" x 12" volume each.

5 pounds each

b. Elcctronics

1 _acka6',_ - 6" diameter x 8" high Volu_ae

5 Ibs. including protective case.

Ta,,,:R._'_order - 3 pounds

IO. f_nsor and Electronics Separability:

No restriction

i[. Output Requirem._nts:

a. D_,ta }h'ocessing and/or condltionln6.

Input channel - each

1 signal conditioning _n_lifier and 2 monostablc oscillators



b_

Co

Velocity channel - each

2 _Ign_l cor,dltio_.in¢: _pllfler_ and 2 mooost_bl_ olcillatora

Total - 9 _n_llflersa 12 monootable os¢lll_tora

Datl, Bat-.:

Total - 200 bits/minute

Data storage Requ/rements

Impact Channel - each " ,

1-512 bLt counter

1-256 bit cour.ter

V.loclty channel - AveraGe vclocl%y - e_ch
e

I-i;8 b_b counter

1-4096 bit count?r

1-32,768 bit accumu/atln_ cou_ter

Velocity Channel - sla velocity ranges - each

7-IP8 bit counters
et

1-409_ bit counter.

Veloclty Channel - Indlvldunl P_icle Veloci%lea

1-128 bit counter per channel

i-_096 bit couster per channel

plua 1 tape recorder /or the experlme_t

23_>
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Current information on the photo_.etric chpe'acteriatlcs of tAe

lunar surface, based on Earth based observations, is llml_;ed

to average values for the surface in _zcn,_r_l and to recent

observ_tlons of a limited number of zp_.r£fio locations, lu

all case_, t_e _ta provldeB nn avera_.__ ove r _un ar_a _In_cd

by resolution of the _.euaor used, m_d lu at least grea_e[ than
a square kilometer. The measurement_ rnd : by r_ o_. _a%_e

been the baols for expre6sln_ the photc_c.etrIc depend,'nce on

albeao t and t/_e _:cQm,.,%ryof illumination s observntion, and
surface Elmer _2_ n n < t a. , and Herri _ , • l_ of _rPL derived a photo-

metric function _,_ase_h_n Fcdorets _:_,_auu_c:,entnnd( _t_ ob_,'r-
vatlons of Mlrmnert \ 2_ _q',_ronov _d Sytlnskay_ _2- e.na ,_thers,

as a basis for the prefl_t determination oC phot,_graphi_ re-

quirements for the I_.u,;er rhoto(_aph,_. Inter (]_4) Will_n_ham (6)

re-evaluated the work of Fedorets on the basis of the more corn-.

plete work of Sytinsk_yu _d S_'_ranov_ showin_ t_mt appr_clable

error and ineonslstencles occurred in the data, _-_rtlcularly

%under eonditlons of hi6h angle illumination. Willln_am showed

that determination of _ normalized photometric function by

extrapolation to zero phrase w_s particularly subject $o error

bec_tuse of the extremely _arked ehan_e in re Cleetanee as zero

phase I£ approached and because measure:_.ent at precisely zero

phase cannot be obtained from Earth since lu_r eclipse occurs.

Sytinskay_ and Sharanov had shown that while the _),-,n everywhere

exhibits a stro_ back-scatter_ the phase re_ti_nshi[_ varies

appreciably for.a_ff,_rent loea_ions. Thi_ wns al_o _3_cer_ed by

Wildey and _hn(7).

While the lunar surface exhibits a remarkably _ifo_ back-

scatter characteristic, rLiniflcant variation does occur, and

uncertainties remain in the _ata. Pho_ometrlc measurement of

surface detail_ and the reflecti_Ity at zero phase is neceeoary.
These mea_urament0 can be obtained from an orbiting 0_cecr_._ft,

which ca_ increase the ob6ervatlonal re_olutlon_ obtain measu/'eo

ments at zero phase a_ eliminate the difficulties of observation

and measurement through the Earth's _%a_)ephere.

\
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Until lunar ]_ndin6 is achieved a_id surface measur_m.-uts can

be extended to more them a very limited area, kmovled_-e of

the detailed lunar topography ._uzt rely upon the in_.e._pret.a_ion

of photog_raphs. Slopes and surface Irrenilarltle_; are evldcnt

only as they modify the observed brigntn_os and p:-oduce brlght-

ness contrasts with the surrounding area. De.termi_a_ion of such

slopes requires, implicitly, k_nowle,lje of tn,_ reflec[_Sce character-

istlcm of the surface Ln question, no_ only its albed_, b aC also

its dependence on illumination an_Ip, Line of _Ight, _nd surface
normal.

Photographs from ur,wzuqnea s_acecraft c[un_ot provide l_reci_e data

on absolute bri._itness of the lur_Lr _n_rface _caur.e (>_"uncertain-

ties in the film ezposure ori_/Inntln' in ._iuc_er error. Pi'e-

exposed e_e data provide ,_oo_ cout':ol of the modifications of

image density relationships inherent in t&e p_'ocesslr_, scannln_,

transmission_ and reconstruction of the pho_ozraphs. Direct

photometric mea_ureme:its will_ however, provide the neces&_ury

calibration if n_de in conj_mc%Ion with the photc,.._raphs so that

direct comparison of the brightness of sy_2,_Iflc areas under
identical I/.h/miJ_tlon _an be made.

Colorlmetr_

Color or color differences on t/_e ,'4oonare slight and rarely

can be detected by direct visual obs_._vntlnns. Color dlffer_nce_

have, however_ bc_n d,;.nonstrated by £n_tr_il:,,_n_m!measurements.

Wildey and Pohn_7) _have made measure_gts of 25 lo_a_ ions ugln6

the UBV system of Johnson and Ynr_,anUU. _,ey show a _-V vari-

ation ranging from 0.8_.0 magnitude{_r Arlstarchuc to 0.919 _a_d-
tude for Proclus. Gehrels_ et al, _-_ have also investigated color

variation on the _bon, and appear in general agree_.nt with Wildey

and Pohn alt/_ough sorm differences are pre_ent. Gehre]m _as shown

that color is sons-what _%ase dependent _ind _Iclt brightness is also

apparently related to solar activity. He also silows _2_t color

differences are widespread and hha_ the color differences occur

across ra_her sharp, well defined bounds.ties rsther than a arad*ml

blendd/l_. Thi_ latter observ_tion appears to be of major si<_nlfl-

cance with respect to varlabil_ty of the physical character of the

surface since it implies a difference in composition, orit_In _

formation_ or age.

Color measurements rill provide a significant contribution to the

determination of surface composition and character. _xi_u_ sur-_

face resolution and accuracy of spectral dat_ com_mti01m wit/%

sensor capabilities and limitations will e_ce the+ +_alae o_ the

colorlmetry by limiting the averaging effect over t_; gurfa_e _id

providing controlled spectral information.



Co EXPERIMENT FUNOTIO_L_L I_F_IRIPTION

The PCE sh_'_ilmeasure the intensi_y of the reflected li,_ht in two

(2) spectral b_nds within the visible spectrum, and _.e total re-

flected 116ht within the visible speet_am (,_t)Oto 700 mil//r_Icrons)

vhile scannln_ a strip on %he surface extending to beth sides of

the orbit. The functions of scannlng_ and data encoding s>uall be

contained within T2%e PCE__and shall b, synchronous with the spacecraft

clock. A unique Identlfyi_ Z m_rker snail be generated as F_rt of the

data channel output to raxrk the :_%_rt of each cross _mack scan.

Do EXFERI_KNT FUNCTIONAL ELF/ME_fS

All functional elements shall be included within a sin61e package.

_e MISSION REQU _EM_FS

i)

2)

The required attltud," and attitude stablllty will _:_: a 1"uz_cti_.

of specific ml_slon requirements. For r._st posslb! ._ missions

the exlstir_ attitude system is sufficient.

Experlment Time ppr Pass and Total Life

Depending on %he valuer, of sun angle e_ud vlcwlrtF, an_:le over

which d_%ta is to be obtained, the time per pass will re_6e from
a few minutes to n bout 100 minutes.

3)

_ne llfetL,,c zho,_!d be _ufficlent to alloy F,ensurer,,nts at _uy

point on the lunar surface within tJae l_tltud_ it_i':s established

by the orbital inclination I i.e., approxlm_tely 2_ :_ys in orbit.

Solar illumination constraints - none.

6)

Altitude constraints - none: resolution will be limlted by the

data rate of 500 blts/second,

Inclination constraints - none.

Correlation Requirements wi_h other Experir.en_s:

The data must be correlated with the photo_iu'nphic :t,._a. T_is

requires accurate tirae-tagging and a method of rec._tructln6

the data into an Image on film or a dlspL_y (non-real time) for

aecRrate correlation with the pho_r_phs.



Fe EXPER_ PARA_

i) F_:asurement_

Three (3) channeln of [_ blt blr_-y coded lo,v_it_,_c _tatm

r_presentlng the Intcnzlty of _he refl_.;ted ]I!ht in e_ch of

the spectral regions.

9) _nsitlvl[y

Tt'n (I0) ft.-inmberts

Pqa_Unl C R" nile

Ten (I0) to 5,000 ft.-lambert_

3)

5)

6)

7)

8)

9)

zo)

Accuracy a3,%

Frecuencv Resnonse

Twenty-one (21) me_qcurements/sec<:nds

Power Requlrement___s

Four (4) watts (operating only)

Environ_n_ nl Requir,'ments

Pre_ent 1_9 z.peciflcatlonsp rate of charu,c of _,_ruture leeo

than i0 "/hour.

Mountin_ Requlremcnts

_st accurately malntaln al_ent to IRU.

Field of View

Highly dependent on specific mission requlrc_amts, e_zeum_

cone 20" in diameter centered on present c_erc a.xi._,

Physical Dimens ion s

Four (h) lbs., 20,)cubic inches

Sensor and Electronics Se_parabillty

Not rec_ended.



t

Fo 11) Ou.tput RequlreN.ent s

b)

_)

Must receive ti_,ing pulses from spacecraft clock

Data rate - 500 bitB,/_;econd

No data storaEe required if telemetry sunsys_em can

support the 500 bit per second rate:



Sub Ject: Bi Static R_dar Implementation for Lunar Orbiter Block II

References : l) Beckmann and Splzzlchlno, '_'ne Scattering of Electro-

magnetic Wave6 t_om Rough Surfaces", _ae F_e_t[l_ Co.,

_963
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3) _golnik t M. I., "Introduction to Ra_Ir Systems" t McGraw

Hill Book Cczpany, i_62
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Sens_._ in Spacecraft", Journal of Spa_raf_p Vol. I a

_o. 5, piP.5o8-512 _- '-\

5) D2-I00310-I, "_ications _h_bsy6tem A_alO'sis_....

Bi SZatlc Radar

Be Experl_ntal Objectives: '_e relative complex dielectric constant :'or

Earth_ (.ee, has been found to be

* _ _4o .t ,\ .r
'_"e m

L- o

w_erc _ is the dlelec%ric constant, _ o is the dielectric constant of free

space, or-the conductivity in mho/meter, and _ the wuvel_n_.+_h. _ae re-
flectlon coefficient for horizontal poL_l-ization, Rh, and vertical polari-

zation, By, _Imilarly is g_Ivan for a smooth earth by

Y_ cos _' - "v/Y2 - Sln2% '
l

_ = '#'cos _' +-_'_# -s_2_,

" cos, .
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v_r,. %he norm_llzed a_kmi_t%uce ¥ 18 e_u_l to Y -/_ , X,¢e the

_Anetic I_r_abl//ty of _ac Earth (usuaLly a_aumed equ_li to u/lily)

and _ is %he _razln_: ar_le (complemeI_ of inclden_ aisle) of the In-

cidenL wave relatlv_ to t/_e reflec%In 6 surface. It £s reasonable to

assuage that aLmilar relations exist for _.he lunar swa'face. _nfort.m-

ately, Ire.lot _o Lunar Orbiter, the only method a_railable for determln£D_

the lurer d_eiectrlc constants, r(_dar cross _ectlona n 0_nd reflection

coefficients, consists of analyzing the bac_cattar slgj_al of Earth

based monostatlc rn_Lrg.

The Lunar Orblter can_ wi%i_ou_ extensive redesign, be modified so as

to measure the reflection and scatterin_ coefficients. '_is data will

permit the determination of the lunar dielectric properties, surface

rou4_hness ch_racteristlc6 or correlation Iku_ctlons, and IxDssIb_y _he

radar cross section area as a _u_ctlon of height. In addition, thin

dar.a can be u_ed for verlfyln_ the Ira/itdlty of m_u%y of the ex_etln_

theories a/Id models asstumed pertalnin_ to the propertle_ of the lua_r

surface.

Ce

Reflection coefficient: i_," reflection cocfflclent ca_ be _ea_ured

wlth a small iow gain antenna pointed towards Earth and _ fixed hi6h

_aln antenna or£enLated towara& the l_%r or reflecting _urf_ce. 'l_ai_

reflection coefficient may be expressed by:

(RS)rm s = _r_z Ro

where (RS)rm s in the rm_s _%_nltude of the reflection eoefflclent, _nd

_ns is the coefficient accountln_ for the _urTace irregularltlea_ ar,d

R o is the reflection coefficient for a z_oth surface. [_)ta the direct

_nd _c: reflected a_>nal power will be ta-a_s:ulttei to E6_' where their

ratio (reflection co,:fflcient) can be obtained. The directlvi_y of t_e

hi6.h _Saln sxltem%a sha/_ be use_ to separate t/le dlrecteO frc_z the r_-

fleeted wx_ves.

Dielectrlc. P ro_ertie_: The dieleetrlc pro1_crtles of t_e lunar _urface

can be obtained from the reflectioa coefficient. For both normal inci-

dence and reflection, the reflection coefflclan% aa deBczlbed in Sectlen

B is equal



Since the dielectric constamt gene_ally 18 a complex qu_tlty depend-

ent on frequency, it can be obtained from the above relation by _klng

_.easurements at two dincrete frequencies. T_ie would require either

two front ends or receivers in the satellite.

The monitored data for t_is exu_riz.ent _'ould be tran_Itted to _I3' over

the hL_'h power S-band llnk. If .note copni_tLcation i_ de.sired, the dielec-

tric prolkrties can bc obtained by mcnttortr_ the delxnlarlzatlon effect

of an incident wave of _noun poli_rlz_.tion. ,_I_i__'_'.ul<_r_.qulre a precise

kno_led,_e of the Inciaent w_ve, and the measurc:.ent of both t_e reflected

horlzo_tally and vertically polarized _ves.

Lh_rface Roudhness: %'_,ezu-face ro_hucsc_ as a IkLnctlon of orbit can be

obt_in_d from %J_e v_rlatlons in the ref/2ctlon coefficient as a functl on

of orbit. However, t/_e actual Irreo-uhu-ltles ,%nd s_rface clectrlc

properDies can beet be obtained by z_'a3urln6 the scatterln_; or reflectio_

coefficient for varyln_ reflection a_l_s from a fixed area on the surface.

_l_Is would requir_ rotatir_j the hish gain _uutenna in order to keel) it

oriented to a particular _pot On the surface a& the Orbiter move_ in its

orbit.

In order to ensure this ftu_ction without undue requirements on the atti-

tude control system, a two axls rotation capubillty for the high gain

antenna might have to be added. This problem has already been Investl-

sated for use on t_e pres_ut Lunar Orbiter _u]d found to be feasible.

In such a mode the scattering d_t_ would have to be bo_h time and antenna

an&le tag_,ed in order to enable _ecurate proce_slng of the data at the

DSIF. This data preferably would be continuous and would be transmitted

in its monitored analog fo_._ to DSIY over the S-bared hijh _r-wlde ban_-

width r_ode.

Altitude _am_rements" Altitude measurements ca_ be obt,_ined by ume of

a leadin_: edge altimeter operntln_ in n bi-s_%tlc r_dar _de. _"_e _It,ltu_

would be proportional to the difference bet_ween t/_e tiP_e of _rrlv_l of the

leading edse of the diree_ pulse as recelve_ by th_ Ear%_ dlrected low

galn antenna) and the reflected Imal_c as received by the hl_ gain _uter_

normally oriented to the lum_r s_rface.

The diameter of t_e cone lllumlm_ted on the lunar surface for v_riou_ h_h

gain antenna bemmwld_ and orbit _tltudel i| given in Table _.

2_0
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Diameter

5O KM

1OO_4 3.5, k._

D.2 ;_

10.4 _M

52 _M

. ,°

87.5 m4

D_]_ OF I"LI/_.Z/L_TF/)COh_

As shown in T?,ble I_ cv_n for a _%rrow bem_r_IdtA, a b_rge 6<,rface _rc,a

will bc Intercepted. However, thp size of _i;_ ar_,. m,'erc_ can ales _,c

limited by th+, duratioi_ of tl_e trana:r_tEed p_.sc vid_]_. "i71_i,_,however,

Involve_ a trad_ study wltf_.%}.e other bi-_;tatlc m_:asure_ac:_ts. A 20

pu//,e per second pul_e repetition frequency appc:_rs satisfactory fur th_:_

attitude measuremcntn.

The altitude measurements rill be tele_.etcred h_ck to Karl2. smp_rately

from the reflection coefficient measure:..ents.

P_u%r Cross Scctlon: _%_e averse radar cross _cction area generally is

01" concern wT,en you are in U_e far field of reflector Sh_ce the

exper_aents will be perforated at _ perilune of _O-1OO K_, which cerr.e_-

ponds to the near field, the radar cross sectioned ar::a can be obtained

analytically by relati_ it to the reflection coefficient. In the far

field this relation is

: Ro2 1I" &2

where _ is the radius of the moon. In the ncar field, thi_ relati_ has

to be modified no as _o _ake into account the surface area iLiumlnatad,

antemm be_Id_h_ and surface roughnes_ dlstr_butlon 1_nctloa. This _s

_horouc_hly dlacus_ed in Befe_nee (i).

__- ]_<)o369- i
21_1.



D@ E x_nerim,mt FuncZlon EleLaent_

It l_ preferable to se[<_raU, the bi-statlc recclvcr an,l equipment fro_a

the ,ro_:_nmd and telemetr.v syzte,,:s. Tai_ is F_st easily accomplished by

usixk.j d/ff_rc_t frequencies for e_ch system. The radar experiment could

use x-b_uud (6 K]_C) which would perk.It the u_e of facilities such as Lin-

coln Inbs Kaystack Radar, while the eoz_n_nd and telemetry systems could

zln._lt_meously une t,he asslj:ned 2 K)_ L_unar Orbiter channel. Pulse radar

probably would be used as it lends It_elfi x:a_r,t ea_,ily to altltude measure-

zen%s. )4iltltone cw radz_ could, however, be used. _uc m_uut_um _ul_e

rate is equal %0 the reciprocal of t.he time to lllu_iy_te the entir_ _phere

or 85 pps if the entire _urface Im ll_ir._ted. Ideally, t/_e altlme_.r

measuro_nents would use pulse transmission, while the refleetlon eoefflelent

measurements could use continuous ev transmission.

S-Band
e-_ul

_ HIO_ G_In,)Antenna

t @"
\_ I Axis Drive

--_ Transponder I

ILuput zo Ibd.Selector

D_ stor_:',e I . _ k ...... ,

not required I Data

if high gaint Storage '

antenlu_ /_'l L .......... I '

i_ used to relay I

data to DSIF I

Dil,o le

Lo'a Gain !
Antem-_

_I_strUmcn u&tior, Rnd_r

[ Equlp::_ent i Rece Ivmr

X-_'md

High Gain _

(

Y£
.-" / Drive

(

Block Dia6r&m for Transponder - BI-Sta%ic Instrun_:ntatlon Interfame

Wei_qht of BI-Statlc Equipment:

Ca_plete dipole assembly I lb.

}£t6h Gain antenna

• (O tlo l)
• Boom

• Irlah and Feed

Receiver and m_.sce_eous c"qull_en'C

Total

%

2-3

4-9 Ibm.

3 Ibs.
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If the high gain antenna is to be rotated about Z-axis in order to

mca_u=e the scatterln_ from a po.rtlcu/nr area on the _ua"face, an
additional antenna drive _.mchani_.u would i_v,_.to be added to the

boom• Tnls "_ould increase the we_4ht by 2-3 lbs.

_ssion Require]aents

_o Attitude Requlrcr_ents - The e×istt:k" attitude ,,yn*.c_ is

_ufficient for the bl-ztatlc r:_r . .... _' IfeY:[,_rl..tI_._ • fixed

antenna operation ratn,:r timr. 2-_x£_ rotation is usea, the

attitude of the spacecraft_ for ez:ch ._.easurc_.,cnt - orbit

pass, will haw, to be adJustc,i so theft '._.._boom is ]_allel
4

to _e lunar suri:_ce _.nd is p,-rpendlcula_ to t_e ,_rb_

_zirectlon. 'fl_Isattitude restralr, t will permit nll previous-

ly described measurement to b.',;r_de, !nclu_i:_i _catterlt_ L

fror. a partlcu_ur are_ r_s a l_c%ion of reflection _le.

t ExperLment time per p:._ s.nd to_l llfe - Fc;r a _ati_-

factory operatln.- altitude- control 5L_st_'r:. nO ,?.inS;r_T, _[_r_t-

in_ tiptoeFor pa';s exlgts. The actual length of the _sslon

will depend on 5he ar,.a selected for the measurement.s, but

will. be less thou_,2b _u,jms.

e Solar Illumination Constraints - None, in "act tJuc _oime

levels are less _;h_n the _.'oonIg not solar iliumlm_tcd, thou_J%

this is not imporU%nt.

Q Altitude Conztralnts - A pe.ri!un,' of 50 K2.1to ]00 __M Is

required in order that th,_ lunar :;u._'faceappeam as a °?Lane

5o the: incident and reflected waves.

• Luclination Constraints - Generally, t.t,.u_-.hn.)L nec_ ,::_Lry,

_rcas whose incid_mt wave:; are nor._nl to _c _trl'ac_: w i._i be

_elected. _asuremcnt_. c_n not b(: :r_de when the r.1_acecra£t

orbit is such that the dlre.cZ waves are within t_,c b,_'idth

o£" _hc high g_;Lt_a/%tenn_ (with 5" Of the hori_'_::_).

6_ Corr,'Lation with Other Ex_2eriments - No direct con:Hction

exists with the other experiments _nough une da%_ should be

correlnted with the results of the other experi_a)nts, i.e.,

photoLraphy and radiometry measurement.

__e_}t Parameters

i. Meast_renments:

_Q Beflectio_ coefflcies_t measurementa - t-uo st:_._.teneous

measurements coasi_tln_ of the _ttrccu suad reflected _i4n_l

_tremgth.
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b@ Altimeter _k_acurem,_-nt6 - The time delay be_w,_en the

arrival of the cLirec_ and reflected pulse. This could

be parfonzed for each pulse thou_h t_e delny time. m_y

be "smoothed" by averaging= c_.er 6everal _iseB in a

serve sy_$_z.

Scnsi%ivlty - At _tron] si6r_a_ for beth the direct and

reflected %_ve_ cure be expected a rccelvcr noise figure of

l0 db re_ultlz6 in n noise den61ty o[ -1_3 dbr_ per cps cs_

be used. Tais reault_ in a noise icw:l of - 150 db in a

iDO cycle baadwldth.

I_zlC Ranze - As t.h,: trann;_Itten pov-r c_a_ be v_ri:-d (up

tc. i00 _"u4)a linear ra_h_ receiver with a dyn_Ic razk4e of

-_0_- 140 d_m would l_robably be satisfactory.

Power Requlrr_zents - Ag no _pacecro.ft XlUUnsz:itter is re-

quired, 2 - 6 w_tts zhould be sufficient to operate t/ae altl-

meter_ radar receiver a_d _2asuroment equlpr_ut. This does

not include the power required to operate the S-b,md trans-

ponder and tranamitter.

_nvironmental Requlre_mts - Present Lunar Orbiter sl_eifl-

cations.

_'muntin_ Bequlrements - The el_ctrozzles c_n be. mounted

similar to th_ tu the pre&en_ _Lunar Orbiter. _e hi_7_ and

l_ g_2_u antenna_ _hould be mounte_ m_ch that for nor_l incl-

de_ce their beam axls_epara%ed by //30", a_ ahowa below:

Low Gai_

Beam Axis

l

i /\i II
/ !

I .' 1
. .'/ ", t

__.____.

i_h 6ai_ z,e_a ax.xCt_
(

Mo_ti_ or Separation of X-Band Antea_

FLg_r_ I

_).-.io0369-i
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Directlvlty of Antennas - _he X-band antennas shail have

_ufficient di_ectivlty such that the reflected and _ircct

wuves do not interfere with e_ch o_uer.

F_ysical Dimensions - Five to six pounds and 100-200 cubic

inches for the receiver and electronics. In _dditlon, from

nine to twelve pounds for rotatable antenna_ are also required.

Sensor and Electronics _m_abllAty - Gee Item _ above_
for on_ requArements.

Out_mt Requirements

_o Sepmr_te analog signals for both direct and reflected

waves and the necessary time and s.n61e tz_ed data.

Tnls information can be tmanamltted to Earth over the

present high power mode.

b$ Discrete aver_-_cd altitude @_'_ as d,-tormlned by -he

bl-statlc radar altlzeter. %_ne pr_cnt telemetry

system is capable of transmitting this data to F_rth.

D_ta Storage Requirements - None required if t/_e present S-_3and

ltuuar orbiter hish power %ransr_Ittcr can be used simultaneously

with the proposed X-Band r_dar ;:can.-savants. Thla _IiI permit the

rel_ylng to Earth a 3 1/3 _ wide si6r_%l, providing ,_ple room _o

place each measurement on Its own subcarrler for processing, on Earth'

Frequency - An X-P_nd radar frequcncy ( appro×Imately 7 - IO_MC)

was assumed An order to _provld_ isolation with the 2 _ comrma_d

and control system and to permit the use of radar facilities such

as Haystack at Lincoln Lab. Sever_l frequencies could be used for

the experiments. Each frequency would require, however, a separate
receiver or front end.
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